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Gigantobilharzia huronensis Najim, 1950 is one of several 
avian schistosomes occurring naturally in definitive and inter­
mediate hosts in the Lake Okoboji region of northwest Iowa. 
Adults of this species were first found in the area during a 
survey of helminths of red-winged and yellow-headed blackbirds 
(Daniell, 1964), and have since been found in several other 
summer resident passerine species. In the same locality, 
larval infections occur in three species of physid snails; 
Physa gyrina Say. Physa intégra Haldeman, and Aplexa hypnorum 
(Linnaeus). 
G. huronensis was first described in an abstract by Najim 
(1950) with a more complete description and a discussion of the 
life cycle published by the same author in 1951 and 1956. 
Within the definitive host, the long filamentous adults occur 
in the tiny intestinal veins in the posterior part of the small 
intestine. Eggs deposited in these veins work their way into 
the gut lumen and are passed from the host. In water, the eggs 
hatch (Fig. 39), giving rise to free-swimming miracidia which 
penetrate suitable snail hosts in which mother and daughter 
sporocysts and cercariae develop. Cercariae, after emerging 
from the snail intermediate, float at the water's surface and 
are capable of penetrating the skin of the definitive host. 
During growth and development within the definitive host, 
schistosomula and young adults can be found in the lungs. 
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liver, and kidneys prior to their migration to the intestinal 
veins. 
G. huronensis and related species of blood flukes of birds 
and mammals belong to the family Schistosomatidae (Looss, 1899) 
Poche, 1907. Members of this family are dioecious and show 
distinct sexual dimorphism. The body of the male is usually 
widened along at least part of its length where the edges fold 
ventrally forming a gynaecophoric canal. Testes number from 
four to several hundred. Paired ceca extend posteriorly from 
the esophagus but reunite to form a single cecum extending to 
the posterior end of the body. In the more slender female of 
most species, numerous vitelline follicles are distributed 
along the common cecum. The apharyngeate, fork-tailed cercariae 
penetrate directly into definitive hosts where they develop to 
maturity, thus eliminating the metacercarial stage. 
All 16 described species of the genus Gigantobilharzia 
Odhner, 1910 are parasites of birds. They are distinguished 
from schistosomes of other genera by: (1) their cylindrical 
and filamentous shape, (2) the absence of a ventral sucker, 
(3) the presence of a short gynaecophoric canal, (4) the 
presence of nijmerous testes located along the common cecum 
posterior to the gynaecophoric canal, and (5) the female 
genital pore situated at the anterior end of the body. 
Of the six North American species in this genus (Table 1), 
only G. huronensis and G. gyrauli (Brackett, 1940) occur 
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naturally in passerine birds. Although these two species are 
similar in many respects, one obvious difference in adult 
morphology is the presence of an oral sucker in G. gyrauli 
adults, as described by Brackett (1942), and its complete 
absence in G. huronensis. Cercarial flame-cell patterns, as 
well as natural intermediate hosts, are also different for the 
two species. 
The life cycles of G. huronensis and several other avian 
schistosomes were known at the time this study was undertaken ; 
however, many aspects of avian schistosome biology and host-
parasite relationships are poorly known. For such studies, 
G. huronensis seemed to be an ideal species with which to work. 
There is a high incidence of natural infection in the study 
area, and this species is one of the easiest avian schistosomes 
to maintain in the laboratory. Chickens, canaries, parakeets, 
and other birds serve as suitable experimental definitive 
hosts. The low degree of definitive host specificity and the 
possible involvement of this species in the cercarial 
dermatitis problem in northwest Iowa provided additional 
reasons for undertaking this study. 
Aspects of the biology of G. huronensis involved in this 
study include: (1) the identification of natural definitive 
and intermediate hosts within the study area, and determination 
of the incidence of infection in these hosts, (2) various 
factors affecting larval development and cercarial emergence in 
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the intermediate host, (3) possible methods of entry into the 
definitive host, (4) migration and development of schistosomula 
and young adults within the definitive host, and (5) histo-
pathology in the final host. Additionally, comments on the 
taxonomy of the genus are included. 
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HISTORICAL REVIEW 
The Genus Gigantobilharzia 
Odhner (1910) erected the genus Gigantobilharzia to 
accommodate a species of avian schistosome, G. acotylea- found 
in the intestinal veins of Larus fuseus in Sweden. Since that 
time, 15 other valid species, including G. huronensis, have 
been described. 
The subfamily Gigantobilharziinae, established by Mehra 
(1940) to include this genus.- was not rapidly accepted, for 
Leigh (1953), Najim (1956), and Malek (1961) all included 
Gigantobilharzia in the subfamily Bilharziellinae Price, 1929. 
More recently, Gigantobilharziinae in slightly amended form 
has been accepted by a number of workers. Yamaguti (1971) and 
Khalifa (1974) include only Gigantobilharzia in this subfamily, 
while Farley (1971) also includes the genus Dendritobilharzia. 
Little other than original descriptions and new host 
records are available for many species of the genus. Records 
of all known natural definitive hosts of Gigantobilharzia spp. 
adults are presented in Table 1. Natural and experimental 
intermediate hosts records are found in Table ?. Life cycles 
are known or partially known for only seven of the species 
presently assigned to the genus. 
G. acotylea Odhner, 1910 has been reported from a greater 
number of natural definitive hosts than any other species of 
Table 1. Species; of Gigantobilharzia and their natural definitive hosts 
Species Host Locality Reference 
G. acotylea Larus fuscus ]j. 
(Lesser Black-backed Gull) 
Larus canus L., 
(MewGull) 
Larus delawaronsis Ord 
TRing-billed (îull) 
Larus minutus Pallas 
West coast of Sweden Odhner, 1910 




Northwest Iowa, USA 

























Melanitta (=0:1 demi a) 
fusca L. (Velvet Scoter) 






Nettapus auritus (Boddaert) 
(African Pygmy Goose) 
Ardeola idae (Hartlaub) 
(Madagascar Squacco Heron) 
Bubulcus ibis (L.) 
(Cattle Egret) 
Podilyinbus podiceps (L.) 
(Pied-billed Grebe) 


















Hume Lake, Fresno Co., 
Calif. 
Hume and Sequoia Lakes 
Fresno Co., Calif. 
Sun Prairie Pond, 
Dane Co., Wisconsin 














Manitoba, Canada Farley, 1964; 
1971 
Table 1 (Continued) 













Agelaius phoeniceus (L.) 
(Red-winged Bllackbird) 
Dumetella carolinensis (L.) 
(Gray Catbird) 
Quiscalus qui&cula (L.) 
"(Common GrackJ.eJ 








(American White Pelican) 
Manitoba, Canada Parley, 1964 
1971 
near Ann Arbor, Mich. Najim, 1950 
near Ann Arbor, Mich. Najim, 1956 
Dickinson Co., Iowa 
Dickinson Co., Iowa 
Dickinson Co., Iowa 
Dickinson Co., Iowa 















Larus delawarensis Ord 
(Ring-billed Gull) 
mazuriana 
Larus Philadelphia (Ord) 
(Bonaparte's Gull) 
Larus ridibundus L. 
(Black-headed Gu11) 
Sterna hirundo L. 
(Common Tern) 











Douglas Lake, Mich. 



















East Prussia Szidat, 1930a 








Podiceps cristatus (L.) 
(Great Crested Grebe) 
Nettapus auritus 
(Boddaert) 
(African Pygmy Goose) 
Plectropterus gambensis 
(Spur-winged (ïoose) 





Motacilla grandis Sharpe 
(Japanese Wagtail) 
Passer montanus (L.) 










Yamanashi & Hiroshima 
Pref. , Japan 




Mie Pref., Japan 
Shimane 
Pref., Japan 








Hunter et al. 
1950; 1951 
Oda, 1956a 
Huntej: et al. 
1950;1951 
Oda, 1956b 
Hunter et al. 
1950; 1951 
Sturnun (=Sturitia) 
^hilippensis (Fors ter) 
(Violet-backed Starling) 
G. tantali Ibis ibis (L.) 
(Tantale Ibis) 
G. vittensis Larus canus L. 
(MewGull) 
Gigantobilharzia Agelaius phoeniceus (L.) 
sp. (Red-winged Blackbird) 
Ardea cinerea h. 
(Gray Heron) 
Larus ridibundus L. 
(Black-headed Gull) 
Platalea leucorodia L. 
(White Spoonbi lIT 
Quiscalus quiseula (L.) 
(Common Gracklfil 




Mie Pref., Japan 
Aichi Pref., Japan 































Dickinson Co,, Iowa Daniell & 
Ulmer, 1964 
Table 2. Natural and experimental intermediate hosts for species of the genus 
Gigantobilharzia 
Species Host 
G. eloncjata Gyraulus parvus (Say) 
"(Brackett, 1940) 
Gyraulus sp. 




Physa gyrina (Say) ? 
Physa sp. ? 
Locality Reference 
Sun Prairie Pond, 15 
miles N. Madison, Wis. 
Hume Lake, Fresno Co., 
Calif. 
Hume Lake and Sequoia 
Lake, Fresno Co. and 
Success Lake, Tulare 
Co., Calif. 
Sun Prairie Pond, 15 
miles N. Madison, Wis. 
Manitoba, Canada 
Hume Lake, Fresno Co., 
Calif. 
Shadow Cliffs Lake, 




















Huron River near 
Ann Arbor, Mich. 
Huron River near 
Ann Arbor, Mich. 
Robinson's Lake and 
other areas near 
Potlach, Latah, Co., 
Idaho 









































Aplexa hypnorum (L.) 
Lymnaea palustris 
M&ller)' ? 
G. huttoni Haminaea antillarum 







Near Ann Arbor, 
Mich. 
Marshes adjacent to 
Lake West Okoboji, 
Iowa 
Jemmerson Slough, 








Sauer et al., 
1975 









Grassy shallow areas Leigh, 1953; 
near Virginia Key, 1955 
Miami, Florida 





Anisus vortex L. 
Polysylis hemisphaerula 
(Benson) 
G. vittensis Anisus vortex L. 
Reimer, 1963 (mistakenly called 
A. leucostomuM by 
Dônges, 1964) 
Gigantobilharzia Physa sp. 
sp. 





Shimane Pref., Japan 
Hiroshima and 
Yamanashi Pref., Japan 
Yamanashi, Shimane, 
and Aichi Pref., Japan 
Mie Pref. along Kiso 
River, Japan 





Lake Champlain near 












Assuit, Egypt Fahmy et al., 
1976 
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the genus. These reports are principally from Europe; however, 
Ulmer (1968) found this species in Larus delawarensis in north­
west Iowa. 
Szidat (1930a) described a second species of the genus, 
G. monocotylea, from three different hosts: mallard, great-
crested grebe, and black-headed gull. From the fragments of 
worms recovered, he described the species as possessing an oral 
sucker but lacking a gynaecophoric canal. The single additional 
report and description of this species, that of Sulgostowska 
(1960), is again based on a study of incomplete specimens. 
G. egreta was described by Lai (1937) from a single male 
specimen taken from the renal vein of a cattle egret in India. 
It has no oral sucker, but like G. monocotylea was described as 
lacking a gynaecophoric canal. No further records are 
available. 
Brackett (1942) described a species of Gigantobilharzia 
from fragments of many adult worms recovered from red-winged 
and yellow-headed blackbirds in Wisconsin. Because eggs from 
these worms yielded miracidia which developed into cercariae 
identified as Cercaria gyrauli Brackett, 1940, the blackbird 
schistosomes were designated Gigantobilharzia gyrauli. In the 
same paper, Brackett described a second species of the genus, 
G. lawayi/ from the intestinal veins of gulls in Michigan. 
Because Brackett's specimens were incomplete, the species was 
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redescribed by Farley (1963). Ulmer (1961) reported G. lawayi 
from the ring-billed gull in northwest Iowa. 
G. huttoni was described by Leigh (1955) after having 
experimentally completed the life cycle of Cercaria huttoni 
Leigh, 1953. Parakeets served as experimental definitive hosts; 
however, natural definitive hosts of this species are probably 
pelicans (Leigh, 1957). 
Grodhaus (1965) described the adult of G. elongata from 
specimens recovered from birds experimentally infected with 
Cercaria elongata Brackett, 1940. He also found naturally 
infected pied-billed grebes. Brackett (1940a) had predicted 
that the observed but undescribed schistosome in grebes was 
probably the adult of either Cercaria elongata or C. gyrauli. 
The following five species of Gigantobilharzia were 
recorded from birds of Ruanda-Urundi (Rwanda), Africa, by Fain 
(19i>5a. 1955b, 1960) : G. tantali Fain, 1955? G. ardeolae Fain, 
1955; G. adami Fain, 1960, G. nettapi Fain, 1960; G. 
plectropteri Fain, 1960. No additional records or life cycle 
studies of these species have appeared in the literature. 
G. sturniae (Tanabe, 1948) occurs in several passerine 
species in Japan. Oda (1953) and Takaoka (1961) have described 
the adult. Because of its importance as a dermatitis producer, 
much has been written on distribution and clinical aspects. 
Although nearly all of the papers are in Japanese, Oda (1973) 
has summarized most of the work on this species. 
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Reimer (1963) described G. vittensis from Larus canus in 
Germany. The following year, Donges (1964) described 
G. suebica from ducklings experimentally infected with 
cercariae from a snail host identified as Anisus leucostomus. 
Donges (1965) corrected the species identification of the snail 
to Anisus vortex. Farley (1971), noting similarities in the 
species described by Reimer and by Donges, reduced G. suebica 
Donges, 1964 to a synonym of G. vittensis Reimer, 1963. 
The most recently described species in the genus is G. 
mazuriana Khalifa, 1974 from Larus ridibundus and Sterna 
hirundo in Poland. In addition to a discussion of the adult 
and cercaria of this species. Khalifa (1974) discussed 
morphological characteristics that should and should not be 
used in the delineation of species. 
Keys to species of Gigantobilharzia, none entirely 
satisfactory, have been presented by Fain (1960), Donges (1964), 
Farley (1971), and Khalifa (1974). 
Gigantobilharzia huronensis 
G. huronensis was first reported and briefly described by 
% T _ / n r \ ^ ^ ^ jC « 1 ^ M ^ 1 
\±Y^\J ; • ft KJI. j_ ua J-xj-C: cuivt J-O uo 
descriptions of all life cycle stages followed (Najim, 1951, 
1956). Since Najim's (1950) original report of this species 
as a parasite of the goldfinch, only the cardinal has been 
reported as an additional natural definitive host (Najim, 1951, 
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1956). Natural intermediate host infections of G. huronensis 
were found by Najim (1950, 1951, 1956) in Physa gyrina from the 
Huron River near Ann Arbor, Michigan, and later by Schell 
(1959) in Idaho. Ulmer (1970b, 1974a) reported a high 
incidence of G. huronensis in Aplexa hypnorum in the Lake 
Okoboji region. He also discussed the possible involvement of 
this species in cercariai dermatitis outbreaks and studied the 
effect of light on cercariai emergence (Ulmer, 1974b). 
Sauer, Gonik, and Blankespoor (1975) studied snail host 
specificity of G. huronensis. Species found to be susceptible 
by them, together with all other reports of experimental and 
natural infections, are presented in Table 2. 
Although Najim (1951) had described the miracidium of 
G. huronensis, Woodhead (1955) restudied its morphology, 
especially the germinal cells, based on observations of stained 
whole mounts. Short and Menzel (1959, 1960) studied chromo­
somes in cercariai embryos of 9 species of schistosomes, 
including G. huronensis. Using material from a single 
naturally infected snail, they found a diploid chromosome 
number of 16, and two apparently different karyotypes. 
Cercariai penetration of skin of suitable avian definitive 
hosts was reported by Daniell and Ulmer (1964). Batten (1956 
and 1957) had previously demonstrated that G. huronensis 
cercariae penetrate the skin of mice and that the young worms 
proceed through the lungs of this unsuitable host. Although 
20 
he noted tissue reactions to G. huronensis within the dermis 
and subcutaneous tissue of the skin, none were observed in the 
lung. 
Because of the relative ease of maintenance of laboratory 
infections of G. huronensis, this species has been included in 
a number of comparative schistosome studies. Bruckner (1974), 
using five species of schistosomes including G. huronensis, 
observed differences in pre- and post-acetabular glands stained 
with oxidized apomorphine. He concluded that this might be a 
valuable field technique for identification of cercariae. Two 
recent studies using G. huronensis and other schistosomes have 
dealt with miracidial immobilization. Hosaka and Berry (1975) 
studied immobilization of miracidia using tissue extracts of 
various snail species. In a similar study, Glaudel and Etges 
(1973) observed differences in susceptibility of Schistosoma 
mansoni and G. huronensis miracidia to toxic effects of 
extracts from three species of fresh water turbellarians. 
Finally, Blankespoor and van der Schalie (1976), using a 
scanning electron microscope, studied attachment and penetra­
tion of miracidia of G. huronensis and S. douthitti in their 
respective 2.ntermsdzate hosts. 
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MATERIALS AND METHODS 
Snails collected to determine incidence of natural infec­
tions were placed (5-10 per jar) in culture jars of filtered 
lake water and kept for five days under normal light conditions. 
With the aid of a dissecting microscope, water was checked 
daily for the presence of emerged cercariae. When these were 
found, further isolation of snails was undertaken. Cercariae 
were identified as G. huronensis on the basis of measurements 
of specimens fixed in hot 10 percent formalin and from observa­
tions of the flame cell pattern in living specimens. 
Laboratory reared snails (principally Physa gyrina and 
P. intégra) were used exclusively for experimental exposures. 
These snails had been maintained in two-gallon glass aquaria 
and were fed fresh and boiled lettuce leaves and small amounts 
of commercial fish food. Artificial spring water (Ulmer, 
1 O "7 A T» \  ̂ 1 ̂ 3 <9  ̂V» T.T^o c a 4 a  ̂ ja 
^ ̂  * V f ^ ^ V* ^ www V ̂  ^ W ^ WfcAit TV ^ VW W» W W «m ^ 
and in all experimental work involving laboratory reared snails. 
Small pieces of chalk or oyster shells were added as a source 
of calcium. 
To obtain G. huronensis miracidia for experimental snail 
exposures, droppings of infected birds were teased apart in a 
petri dish of fresh water. After a short time eggs hatched, 
releasing free-swimming miracidia which were easily collected 
with a fine pipette. Desired numbers of miracidia were placed 
in small dishes with one or more snails to be exposed. Sizes 
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of exposed snails were recorded to the nearest half millimeter. 
After several hours, each exposed snail was placed in an 
individual, small (100 ml), straight-sided, plastic culture jar 
in which it was maintained. Water was changed daily, and 
snails were fed as above. 
Daily checks for emerged cercariae were usually begun 15 
days after exposure and continued until the snail began 
shedding, had died, or was killed. In the last two instances, 
snails were teased apart to determine if sporocysts were 
present. Total numbers of cercariae shed daily were recorded 
for many of the infected snails. With the aid of a dissecting 
microscope, cercariae could be counted easily, for the culture 
jars used permit full view of the water surface where most of 
the G. huronensis cercariae rest. 
When bisexual infections in definitive hosts were required, 
cercariae shed by 8-10 individual snails were used. Unless 
otherwise stated, definitive hosts were exposed by placing 
cercariae directly onto the skin of the upper leg (feathers 
clipped) or the relatively bare skin of the body under the 
wings. Because cercariae normally hang at the surface of the 
water, they were easily transferred with a sinall wire loop. 
with the aid of a dissecting microscope, exact numbers of 
cercariae suspended on the loop during transfer were counted. 
Thus, exposures of known numbers of cercariae are possible. 
Transfer via pipette is not practical, for cercariae tend to 
stick to its sides. 
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Most experimental definitive hosts, including many chick­
ens, two parakeets, one duck, one canary, and one pigeon, were 
obtained from commercial suppliers where birds had been 
hatched and reared in captivity. Wild birds used as experi­
mental hosts were for the most part collected as nestlings; 
however, three birds (two grackles and one dickcissel) col­
lected as adults were also used. Prior to experimental 
exposure, all birds collected in nature were maintained in the 
laboratory for a period of at least one month, during which 
time feces were regularly examined for the presence of 
schistosome eggs. No birds carried patent trematode infec­
tions at the time of exposure to G. huronensis. 
Young birds collected as nestlings were fed a mixture of 
canned tuna and commercial chicken feed. Older wild birds and 
the pigeon were maintained in small cages in the laboratory 
and fed coarse game scratch or a combination of game scratch 
and grain balancer. The duckling received only grain balancer. 
Baby chicks were fed chick starter; cracked corn was added to 
the diet of older chickens. Parakeets and the canary were fed 
commercial preparations for those species. 
During studies on migration and development, necropsy of 
hosts with young infections included examination of skin at 
exposure site, lungs, spleen, heart, intestinal veins, and body 
cavity. Prior to removal of organs, surfaces of lungs and 
liver, as well as the body cavity, were washed with saline, and 
24 
washings were examined for worms. The opened heart was also 
washed with saline, for recovery of worms. Schistosomes are 
quite readily seen and counted in the veins of the intact small 
intestine and in veins of small pieces of intestine pressed 
between rwo glass slides. Eggs, when present in the intestinal 
mucosa, can also be detected in this way. Other organs were 
removed to individual dishes of saline and teased apart. After 
a short time, worms having migrated from the teased tissue 
could be collected. 
Organs of hosts with mature experimental infections and 
those inspected for natural infections were similarly examined. 
Adult worms are almost always found in the intestinal veins 
from which they can be removed^with fine-tipped insect pins. 
A tear is made in the wall of the vein at a point near the 
middle of the worm. Slight pressure on the vein on either side 
of the tear causes part of the worm to be expelled from the 
vessel. An insect pin can be hooked around the worm at this 
point, and the specimen can be gently extracted from the vein. 
Because the ends of most worms extend into very narrow veins, 
removal of whole, unbroken worms is rare. 
preparations were placed in clean saline briefly, then dropped 
from a pipette into AFA fixative. Although this method pro­
duces contraction of some specimens, it is generally satis­
factory. Straightening the delicate worms on a slide prior to 
25 
fixing resulted in broken and distorted specimens. 
Whole mounts of adult worms were stained with Mayer's 
paracarmine and a fast-green counterstain. Schistosomula were 
stained with either Mayer's paracarmine or hematoxylin. All 
whole mount specimens were cleared in methyl salicylate and 
mounted in Permount. Tissue for sectioning was fixed in 
Bouin's, dehydrated in alcohol, cleared in xylene, and embedded 
in paraffin. Sections were usually cut at 10 micrometers and 
stained with Harris' hematoxylin and eosin. 
Measurements were sometimes done with the aid of a Leitz 
microprojector. Drawings were made from living specimens. 
Wild birds examined for natural schistosome infections 
were either shot in the field or found dead on the road. They 
were necropsied as soon after death as possible. 
Scientific and common names of North American birds are 
in accordance with the AOU checklist to North American birds 
(1957) and its supplements (1973, 1976). Common names of other 
birds are those suggested by Gruson (1976) and Clements (1974). 
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INTERMEDIATE HOSTS 
Najim (1950) first reported cercariae of Gigantobilharzia 
huronensis from naturally infected Physa gyrina Say collected 
from a back water pool of the Huron River near Ann Arbor, 
Michigan. Infected P. gyrina used by Short and Menzel (1959, 
1960) and by Batten (1956, 1957) were collected from the same 
locality. In life history studies of G. huronensis, Najim 
(1956) used naturally and experimentally infected snails of 
only this one species. • In addition, G. huronensis cercariae 
were found by Schell (1959) in six to ten per cent of the P. 
gyrina in collections from Robinson's Lake and one other area 
in Latah County, Idaho. 
In the present work, Physa intégra Haldeman and Aplexa 
hypnorum (Linnaeus), as well as P. gyrina, proved to be suit­
able experimental intermediate hosts for G. huronensis. All 
three mollusean species are common in Dickinson County, Iowa, 
where field work for this study was carried out; all three 
were found to be involved in the naturally occurring life cycle 
of this schistosome in that area. P. intégra was previously 
reported as an experimental host for G. huronensis by Daniell 
and Ulmer (1969) and by Sauer, Gonik, and Blankespoor (1975). 
Ulmer (1970b, 1974a) has provided the only previous reports of 
A. hypnorum as a natural host. A complete list of intermediate 
hosts from all G. huronensis studies is found in Table 2. 
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Natural Infections 
Snail collections were made to determine the percentage of 
natural infection of snails in localities inhabited by infected 
birds. In September, 1965, and during the summer of 1966, 1138 
physids were collected from four locations in Dickinson County, 
Iowa, as shown on Table 3. 
The collecting area on Miller's Bay of Lake West Okoboji 
is characterized by a mud bottom and a tree-lined shore. 
Observations indicate that this is a drinking area for many 
species of birds inhabiting the adjoining prairie and woods. 
Snails were taken from a similar area at Prairie Lake. The 
collecting areas at Diamond Lake and Jemmerson Slough were in 
cattail stands serving as nesting and roosting areas for red-
winged and yellow-headed blackbirds. 
All snails collected from Jemmerson Slough were P. gyrina, 
whereas those from the other three locations were P. intégra. 
Only snails with shell lengths of 5 mm or greater are included 
in these results. A lower limit on snail size was set in 
order to be more certain of specific identifications. 
Recorded snails ranged from 5 to 13 mm in length. Lengths of 
naturally infected snails varied from 5.5 to 10.5 mm with an 
average of 7.7 mm. Although physids under 5 mm in length were 
not included in these results, over 300 between 2.5 and 5 mm 
were checked. None was infected. 
Table 3. Incidence of infection of Gigantobilharzia huronensis in Physa gyrina and 




































VII-16-1966 181 0 0 0 












































VIII-13-1966 47 0 0 0 
Totals 1138 14 1.2 9 
^Snails collected at Jemmerson Slough were P. gyrina; all others were P. intégra. 
^One snail had mixed infection (G. huronensis and an unidentified schistosome). 
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The overall incidence of infection of physids was 1.2 per 
cent (0.6 per cent in P. gyrina and 1.4 per cent in P. intégra). 
Percentages of infection of P. intégra from Miller's Bay 
were relatively high on September 1, 1965, and on June 19, 1966. 
On these dates, very few snails over minimum length (5 mm) were 
present at this area. At other times, when more snails of col­
lecting size were present, percentages of infection were lower. 
Although no snails harboring schistosome larval stages 
were taken at Prairie Lake, schistosome dermatitis appeared on 
the hands of the collector after one of the collections there. 
Dermatitis was also experienced while collecting at Miller's 
Bay and Jemmerson Slough. 
Eight P. intégra from Miller's Bay (June 19 and July 3) 
were infected with a larval schistosome other than G. 
huronensis. The cercaria of this species differs markedly from 
that of G. huronensis in its much greater tail stem length, 
averaging 0.310 mm. According to Najim (1956), the tail stem 
of G. huronensis is only 0.269 mm. Although some of these 
cercariae were found attached to the water surface film, as 
are the cercariae of G. huronensis, most were not. These 
cercariae do produce dermatitis. One grackle and one chicken 
were exposed to cercariae of this type in hopes that adults 
could be recovered and identified. When these hosts were 
killed, neither schistosome adults nor eggs were recovered. 
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Mixed larval infections of this schistosome and G. 
huronensis were found twice during this study. Schell (1959) 
reported mixed infections of G. huronensis and Trichobilharzia 
physellae in P. gyrina from Idaho. The schistosome cercaria 
found here, however, is considerably smaller than that of T. 
physellae. 
A second unidentified furcocercous cercaria was found 
emerging from P. intégra collected from Miller's Bay on August 
13. Although eye spots were present and a pharynx was 
apparently lacking, this species differed from G. huronensis 
in its resting position and its ability to produce dermatitis. 
No dermatitis was produced on human skin in two attempts. When 
at rest, the tail, as well as the body, remains attached to the 
surface, whereas in G. huronensis the tail normally hangs down 
at an angle from the surface. 
After successful experimental G. huronensis infections 
had been established in Aplexa hypnorum, the occurrence of 
naturally infected snails of this species was investigated. 
During the summer of 1967, A. hypnorum and P. gyrina were col­
lected from an area of Jemmerson Slough where both species 
WSJLS coiTuTiOri* CoUcCuiLGns wssrs in0.(^3 in s 5iuS.X2. ssctxon vstcut 
250 sq meters) of a cattail stand where the water depth varied 
from several inches to two feet. A. hypnorum collected here 
ranged from 6 to 15.5 mm in length; P. gyrina ranged from 5 to 
14 mm in length. 
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Results of this study shown on Table 4 indicate a steady 
decrease in number of infected snails during June through 
August. They also indicate a much higher incidence of natural 
infection in A. hypnorum than in P. gyrina. Three and one half 
per cent of the A. hypnorum were infected, but only one 
P. gyrina in 539 (0.2 per cent) was infected. These results 
suggest that A. hypnorum may be a more suitable intermediate 
host than is P. gyrina. 
A difference in water depths from which these two snail 
species were taken may help explain the difference in per­
centages of infection. Although all snails were collected in 
a relatively small area, most P. gyrina were taken from the 
deeper water where they were more common; most A. hypnorum 
were collected in water only a few inches deep where they were 
more plentiful. It is possible that miracidia from G. 
huronensis eggs deposited in shallow water may more readily 
come in contact with a suitable snail host than do miracidia in 
deeper water. The presence of shedding A. hypnorum in shallow 
water where birds may stand to feed, drink, and bathe 
certainly must be of great significance in the natural exposure 
of birds. 
In August, 1967 the water level of Jemmerson Slough was 
considerably lower than it had been earlier in the summer. The 
area where A. hypnorum had been plentiful was above water level 
in August. P. gyrina were still found in large numbers, but 
Table 4. Incidence of infection of Gigantobilharzia huronensis in snails collected 
at Jemrnerson Slough during the summer of 19^7 




















































no A. hypnorum could be found in the original collecting area. 
Consequently, A. hypnorum for the August 16 collection were 
taken from another part of the slough, but in an area free of 
cattails. This may account for the complete absence of 
infected snails on this date. Ulmer (1970b) also reports a 
great difference in the number of infected A. hypnorum found 
during July and the number found infected during August. He 
found 40-50 per cent of this species infected in early July, 
16 per cent infected in mid July, and only six per cent 
infected in August. 
A. hypnorum is able to endure estivation and starvation 
for extensive periods of time (Goodrich and van der Schalie, 
1944). If the damp mat of dead cattail stems and mud below it 
in the original collecting area had been thoroughly examined 
in August, A. hypnorum probably would have been found. The 
fate of G. huronensis infections in snails during such periods 
of inactivity is not known. 
Naturally infected snails of all three physid species 
which harbored G. huronensis infections usually lived for only 
one or two weeks after being taken into the laboratory. 
Repeated handling of the snails and their confinement to 
relatively small containers probably hastened their death. 
However, one 10 mm P. intégra that had been shedding cercariae 
when collected in September remained alive in the laboratory 
for 125 days and produced cercariae throughout that time. 
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Experimental Infections 
At the beginning of this study, miracidia hatching from 
eggs recovered from the intestinal wall of naturally infected 
birds were used to expose laboratory reared snails. First 
experimental exposures were of Physa gyrina because adult 
schistosomes found in such birds were identified as Gigantobil-
harzia huronensis. P. gyrina had been reported by Najim (1950) 
to be the molluscan host of this schistosome. In the present 
study, experimental infections were readily established in P. 
gyrina and also in Physa intégra and Aplexa hypnorum. Natural 
infections in these three species were discussed in the pre­
ceding section. 
Laboratory reared snails of four other species were also 
exposed to G. huronensis miracidia and killed 30 days or more 
after exposure. Eleven Gyraulus sp. and 13 Helisoma sp. of 
the family Planorbidae failed to develop infections. Five 
Lymnaea stagnalis (L.) and six Lymnaea reflexa Say (family 
Lymnaeidae) also failed to become infected. 
Experimentally infected snails were kept constantly 
available in the laboratory for a period of several years 
during this study. Approximately 800 snails were exposed and 
cared for using techniques previously described. Fairly 
complete data were kept for 344 P. gyrina, 241 P. intégra and 
20 A. hypnorum. Information was recorded on sizes of exposed 
snails, percentages of infection, life spans of infected 
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snails, cercarial incubation times, and numbers of cercariae 
produced. 
The morphology of larval stages of G. huronensis was not 
studied, for Najim (1956) described them adequately. Aspects 
of cercarial development and cercarial behavior differing from 
those previously reported were noted. 
Percentage of infection 
Numbers and percentages of those laboratory exposed P. 
gyrina and P. intégra which became infected, those remaining 
uninfected, and those dying before the end of the normal 
cercarial incubation period are recorded in Table 5. 
Snails exposed to miracidia of G. huronensis died at a 
higher rate than did unexposed snails. Forty-five per cent of 
each physid species died prior to the twenty-fifth day after 
exposure (approximate average cercarial incubation period). 
Some of these dead snails were examined for larval stages; 
most were not. Numbers and percentages of snails listed in 
the last two columns of Table 5 are those not examined. In­
creased handling of snails and their maintenance in relatively 
small containers may have contributed to the increased 
mortality. Over-exposure to miracidia may also produce death 
of the snail host. However, nearly all snails used in this 
study were exposed to only five miracidia each. 
No great differences are seen in infection rates of the 
two different snail hosts. Percentage of infection based 
Table 5. Results of experimental exposures of Physa gyrina and P. intégra to 
Gigantobilharxia huronensis miracidia 
Snail Total no. Ini'ected Uninfected Snails dying before end 
size of snails ~ of incubation period 
exposed % No. % No. % 
P. gyrina 
2-2.9 mm 12 4 33.3 2 16.7 6 50.0 
3-3.9 mm 57 12 21.1 23 40.3 22 38.6 
4-4.9 mm 91 37 40.6 26 28.6 28 30.8 
5-5.9 mm 86 34 39.5 25 29.1 27 31.4 
6-6.9 mm 59 24 40.7 16 27.1 19 32.2 
7-7.9 mm 28 15 53.6 6 21.4 7 25.0 
8-8.9 mm 11 6 54.6 2 18.2 3 27.3 
Totals 344 132 38.4 100 29.1 112 32.5 
P. intégra 
2-2.9 mm 4 0 0.0 4 100 0 0.0 
3-3.9 mm 36 12 33.3 8 22.2 16 44.4 
4-4.9 mm 59 25 42.4 10 16.9 24 40.7 
5-5.9 mm 78 27 34.6 22 28.2 29 37.2 
6-6.9 mm 53 29 54.7 14 26.4 10 18.9 
7-7.9 mm 8 3 37.5 0 0.0 5 62. 5 
8-8.9 mm 3 2 66.7 0 0.0 1 33.3 
Total 241 98 40.7 58 24.1 85 35.3 
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on total number of exposed snails is quite low (38.4 per cent 
in ?. gyrina and 40.7 per cent in P. intégra). These were 
snails having shed cercariae before they died, plus those 
snails dying before the end of the cercarial incubation period 
but found to be infected upon dissection. If infection rates 
had been calculated from total number of snails surviving the 
cercarial incubation period, rather than total number of snails 
exposed, they would have been considerably higher. 
Of 20 A. hypnorum exposed to miracidia of G. huronensis, 
65 per cent became infected. The remaining 35 per cent died 
prior to the end of the normal period of development and were 
not examined for larval stages. None of those surviving the 
normal development period was negative. This high experimental 
infection rate, along with the relatively high percentage of 
natural infection discussed earlier, suggests that A. hypnorum 
may be more susceptible to infection with G. huronensis and may 
be a more suitable host than is Physa. 
Although all sizes of exposed P. gyrina became infected 
during this study, the lowest rate of infection occurred in the 
size range of 3-3.9 mm. The same size range in P. intégra also 
resulted in the lowest percentage of infection with the excep­
tion of size range 2-2.9 mm, where none of four snails was 
infected. Snails of larger size (5 mm or more in length) 
became infected more readily. In P. gyrina, the infection 
rate for snails less than 5 mm in length was 33.1 per cent 
38 
compared with 42.9 per cent for those 5 mm or longer. In P. 
intégray infection rates for corresponding sizes were 37.4 per 
cent compared with 43.0 per cent. 
Cercarial incubation times 
Najim (1950) found the shortest cercarial incubation time 
for G. huronensis in P. gyrina to be 24 days in the summer and 
30 days in the winter. With added heat, however, he found that 
snails began to shed as early as the 24th day in the winter 
(Najim, 1956) . 
In the present work, shorter incubation periods were com­
mon. Cercarial incubation times in P. gyrina varied from 18 
to 59 days with an average of 26.1 days. In P. intégra, the 
time required for first emergence of cercariae averaged only 
23.5 days with a range of 17 to 37 days (Table 6). Average 
cercarial incubation time in A. hypnorum was 25.6 days, based 
on only 13 positive exposures. 
In order to show that the differences between cercarial 
incubation time in P. gyrina and in P. intégra were not due to 
differing environmental conditions, comparisons of incubation 
times were made only for individuals of the two species having 
been exposed at the same time. Many such comparisons were 
possible because P. gyrina and P_. intégra exposures were 
usually made on the same day. In such comparisons, the 
cercarial incubation period in P. gyrina appears to average 
1-2 days longer than that in P. intégra. 
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Table 6. G. huronensis cercariai incubation times in P. gyrina 
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Totals 72 17-37 days 23.5 days 
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On Table 6, cercarial incubation times of different sizes 
of snails are also compared. Cercarial incubation periods in 
snails 4-7.9 mm long are fairly constant, especially in P. 
intégra. The time between exposure and cercarial emergence in 
snails 3-3.9 mm long appears to be greater than in snails of 
larger sizes. Additional exposures need to be made to confirm 
these results, however. 
Some snails in each size group had shorter cercarial 
incubation periods than those suggested by Najim (1956) as 
being typical for G. huronensis. In his report, however, the 
laboratory temperature was stated to be 60°F (15.5°C). This is 
considerably lower than the laboratory temperature during any 
part of the present study. At 15.5°C, a period of only 30 days 
between exposure and cercarial emergence would be surprisingly 
short. The laboratory temperature during Najim's work was 
evidently somewhat variable because he reported longer develop­
ment times during the winter months. 
Unfortunately, no accurate record of laboratory tempera­
tures was kept during most of the present study. During one 
period (January and February, 1966) the laboratory temperature 
varied from 18-25°C with an average temperature of 23°C. 
Temperatures from October through March probably remained at 
about this same level. During the warmer months of the year, 
especially June through August, laboratory temperatures varied 
with the outdoor temperatures and averaged several degrees 
higher than temperatures during the winter. 
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One indication of the pronounced effect of temperature on 
development time was seen when exposure dates for infections 
with long incubation periods were examined. All but two of 22 
infected P. gyrina and one of 10 P. intégra with cercariai 
incubation times of 30 days or longer had been exposed during 
the months of October through March. Experimental evidence 
showing the effect of temperature on larval development is 
presented in a following section. 
Differences in environmental temperatures, however, do not 
explain all variations observed in cercarial incubation times. 
One P. gyrina that did not produce G. huronensis cercariae 
until the 59th day after exposure had been exposed and main­
tained with another snail, the latter having begun to shed 
cercariae on the 21st day after exposure. Another P. gyrina 
with a cercarial incubation period of 43 days had been exposed 
and maintained with a snail that began shedding 19 days after 
exposure. Even though all environmental factors were the same, 
there were great differences in development times in these 
pairs of snails. 
Najim (1956) found that cercarial incubation time was 
unexplainafol-v lengthened at least once. He mentioned three 
snails exposed in May that produced no cercariae until killed 
in July, at which time they contained well-developed cercariae. 
Several similar to this were found during the present study. 
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Effect of temperature on larval development 
Probably the most important factor in determining length 
of intramolluscan cercarial development is water temperature. 
Results of many studies have shown this to be true in the genus 
Schistosoma. Gordon, Davey, and Peaston (1934) in controlled 
temperature experiments with Schistosome mansoni in Biomphalaria 
pfeifferi found that temperature lowered 5°C below normal (26-
28°C) nearly doubled the cercarial incubation period. They 
also noted that most rapid larval development occurred at the 
maximum temperature tolerated by the snail host. Foster (1964) 
working with S. mansoni in the same snail host found that 
development times varied from 56-58 days at 18°C to 16-19 days 
at 31.75°C. He found S. mansoni cercarial incubation times to 
be rather constant at specified temperatures with only a three 
to four day difference between the maximum and minimum. 
Standen (1952) indicated that 26°C was the minimum temperature 
for adequate larval development of S. mansoni in Biomphalaria 
glabrata, and that lowering this even one degree greatly 
affected degree of infactivity. Chu, Massoud, and Sabbaghian 
(1966) carried out one of the few studies using natural 
temperature conditions - They showed that larval development 
time of £. haematobium and £. bovis in Bulinus truncatus 
varied directly with the natural environmental water tempera­
ture. 
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To determine the effect of temperature on cercariai 
incubation period of G. huronensis, an experiment using rela­
tively few snails was carried out. Twenty Physa gyrina (4-6 mm 
in length) were each exposed to five miracidia at room tempera­
ture. These were then separated into five groups of four 
snails each, each group being subjected to a different tempera­
ture. The first group was kept at 9°C, the second group at 
20°C, the third group at 25®C, and the fourth group at 30®C, 
all in constant darkness. A fifth group was kept at 25°C in 
normal daylight conditions so that cercarial development time 
could be compared with that at the same temperature in the 
dark. Snails were kept in individual containers and water was 
changed daily. Those kept in darkness were allowed to remain 
in the light for one hour each day after the eighteenth day 
post-exposure to allow cercariae to emerge. 
Surviving snails kept at 30°C in the dark and at 25°C in 
normal light conditions began shedding cercariae on the 
twentieth day after exposure. Snails kept in the dark at 25°C 
began shedding cercariae on the twenty-second and twenty-third 
days after exposure. Even under normal conditions, cercarial 
development time varies somewhat, so this later emergence date 
from snails kept in the darkness is probably of no significance. 
Larval development in the group of four snails maintained 
at 20°C was much slower. Cercariae began to emerge from one 
snail kept at this temperature on the thirty-fourth day after 
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exposure. Two other snails from this group died 31 and 36 days 
after exposure. They contained many daughter sporocysts in the 
hepatopancreas but none with fully developed cercariae. The 
fourth snail kept at 20°C died 20 days after exposure, the time 
required for complete cercarial development at more optimum 
conditions. This snail contained one mother sprocyst on the 
mantle with several tiny daughter sporocysts nearby and several 
more in the hepatopancreas. No development or indication of 
infection was seen in those snails kept at 9°C. 
At other times during this study, both P. gyrina and P. 
intégra became infected with daughter sporocysts as early as 
the eleventh day after exposure at laboratory temperature of 
about 25°C. Najim (1956) reported that daughter sporocysts 
were usually present in the liver of P. gyrina by the four­
teenth or fifteenth day after exposure when laboratory 
temperature was 60°F (15.5°C). He found daughter sporocysts 
as early as 13 days "during a spell of warm weather." If the 
average temperature during larval development in Najim's work 
was actually 15.5°C, it appears that development occurred more 
rapidly in his work than it did during the present study. 
Although the data from the above experiment on the effect 
of temperature on G. huronensis larval development are very 
inconclusive, they do suggest that development is correlated 
with water temperature, that development time at 20°C is much 
greater than that at 25° and 30°C, and that 9®C may be below 
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the tolerable temperature for development in this species. 
Effect of light and other factors on cercarial emergence 
Under normal light conditions, many species of schistosome 
cercariae show definite emergence-time cycles. Thus, the 
cercariae of Schistosoma mansoni leave their snail host in 
greatest numbers in direct sunlight between 9 AM and 2 PM 
(Faust and Hoffman, 1934). Cercariae of Schistosomatium 
douthitti (whose adults occur in mammals) emerge mainly at 
night, while those of the bird schistosomes, Trichobilharzia 
stagnicolae, T. elvae, and T. physellae, emerge mainly in early 
morning (Cort and Talbot, 1936). Najim (1956) observed that 
most cercariae of G. huronensis emerged "around 5:30 AM (in a 
shaded and heated room in January)." He noted that nearly all 
cercariae emerge within the first four or five hours after 
emergence begins, but emergence may continue until noon in 
heavy infections. Ulmer (1370b) observed that G. huronensis 
cercariae emerge from naturally infected Aplexa hypnorum 
between 5:30 and 6:30 AM. 
In the present work it was observed that under normal 
light conditions in the summer, nearly all G. huronensis 
cercariae from laboratory infected snails had emerged by 8:00 
AM. To determine more exactly the effect of light on this 
event, an experiment was designed to show the pattern of 
cercarial emergence immediately following transfer of snails 
from total darkness to bright light. Source of light was a 
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60 watt bulb placed one to two feet from the snail. An 
infected snail which had been in total darkness for 10-12 hours 
was removed to the light and placed in fresh water. This snail 
was kept under continuous observation for one hour, and 
cercariae were counted as they emerged and swam away from their 
host. Numbers of emerged cercariae were recorded for six ten-
minute intervals. After one hour the snail was again placed 
in fresh water, and cercariae in this water were counted after 
23 hours (11 hours of light, 12 hours of darkness). 
On Table 7 are recorded numbers of emerged cercariae from 
12 observations. Five different laboratory reared snails 
(three P. intégra and two P. gyrina) were used. These were 
chosen because of the relatively large numbers of cercariae 
emerging from them daily. Numbers of cercariae produced on 
days when emergence pattern data were recorded varied from 52-
243. No consistent correlation is seen between patterns of 
emergence and total numbers of cercariae shed. In work with 
Schistosoma haematobium and S_. mansoni, McClelland (1967) also 
found emergence patterns to be independent of total numbers of 
cercariae released. 
Under such laboratory controlled conditions, 99 per cent 
of the cercariae emerged during the one-hour interval 
immediately after snails had been placed in bright light. The 
second ten-minute interval yielded the greatest number of 
cercariae, an average of 56.1 per cent of the total for the 
Table 7. Numbers and percentages of cercariae emerging at various time intervals 
following transfer of infected snails from total darkness into light 
Snail^ 










Total no. of 
cercariae shed 
No % )Mo. % No % No % No. % No. % No. % 
1 31 18.3 90 53. 3 32 18.9 11 6.5 3 1.8 0 2 1.2 169 
2 5 6.3 45 56.3 15 18.8 8 10.0 3 3.8 2 2.5 2 2.5 80 
3 5 5.2 69 71.9 16 16.7 5 5.2 1 1.0 0 0 96 
4 27 32.5 39 47.0 10 8.3 5 6.0 2 2.4 0 0 83 
5 17 8.4 93 46.0 60 29.7 21 10.4 7 3.5 1 0.5 3 1.5 202 
6 27 11.1 148 60.9 44 18.1 17 7.0 4 1.6 1 0.4 2 0.8 243 
7 41 23.8 90 52.3 30 17.4 8 4.7 2 1.2 0 1 0.6 172 
8 46 28.0 95 57.9 16 9.8 5 3.0 1 0.6 0 1 0.6 164 
9 21 12.9 81 49.7 32 19.6 15 9.2 9 5.5 3 1.8 2 1.2 163 
10 4 6.8 31 52. 5 12 20.3 4 6.8 3 5.1 3 5.1 2 3.4 59 
11 17 22.7 49 65.3 8 10.7 1 1.3 0 0 0 75 
12 3 5.7 32 60. 4 12 22.6 3 5.7 3 5.7 0 0 53 
Average 15.1 56.1 17.6 6.3 3.0 0.9 1.0 
^Snails 1-10 are Physa intégra, 11-12 are Physa gyrina. 
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day. The most rapid rate of emergence usually occurred 10-12 
minutes after placing the snails in the light. The first 
cercaria to emerge was seen as soon as four and one half 
minutes and as late as eight minutes after taking the snail 
from the dark. Average time before the initial cercaria 
appeared was five minutes and 45 seconds. 
In the above experiment, an unusual change in light 
intensity was involved. Nonetheless, the great importance of 
light on the initiation of emergence of G. huronensis cercariae 
is shown. Under similar light-controlled conditions, Olivier 
(1951) observed that most Schistosomatium douthitti cercariae 
emerged within one hour after snails were placed in complete 
darkness. Thus, cercarial emergence in £. douthitti occurs as 
rapidly in response to a change from light to total darkness 
as it does in huronensis in response to a change from dark 
to light. 
Najim (1956) suggested that emergence of G. huronensis 
cercariae could also be initiated by subjecting infected 
snails to a change of water. Soparkar (1921) observed that 
cercariae of Schistosoma spindalis emerged within a few 
minutes after the snail host was placed in fresh water. Taylor 
and Baylis (1930) found that Cercaria ocellata reacted simi­
larly not only in daylight but also in darkness under constant 
temperature. Luttermoser (1955) found that emergence of S_. 
mansoni cercariae occurred equally well in fresh water and in 
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culture water in which snails had lived for some time. 
Shedding of cercariae in response to changes of water was 
not observed in the present study. To show that cercarial 
emergence occurs in response to light rather than to a change 
of water, however, several controlled observations were made. 
First, snails were removed from total darkness and placed in 
light but not in fresh water. The emergence pattern was the 
same as that when fresh water was used. Secondly, snails which 
had been maintained in the dark for 10 hours were transferred 
to fresh water but kept in darkness for an additional hour. 
During this hour in darkness and fresh water, no cercariae 
emerged. After one hour, the snail was placed in the light, 
and a typical pattern of cercarial emergence followed. Finally, 
snails under normal light conditions were placed in fresh water 
at 2 PM. After three hours the water was examined, but no 
cercariae were found. 
Many workers (Kuntz, 1947; Schreiber and Schubert, 1949; 
Bolwig, 1955; and McClelland, 1967) have shown that an increase 
in water temperature can cause an increase in emergence of 
Schistosoma spp. cercariae. Kuntz (1947) concluded that abrupt 
changes in temperature exerted more influence on emergence of 
S_. mansoni cercariae from the snail host, Biomphalaria glabrata 
than did abrupt changes in light intensity. On the other hand, 
McClelland (1967) in working with haematobium in Bulinus 
nasutus and S. mansoni in Biomphalaria sudanica shewed that 
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although a rise in temperature has some effect in stimulating 
emergence of cercariae, light is the principal factor involved. 
The effect of temperature changes on G. huronensis 
cercarial emergence patterns was not studied here. Also, the 
pattern of emergence shown here for laboratory infected snails 
may be quite different from that of naturally infected snails 
which are usually somewhat larger and shed more cercariae 
daily. 
Numbers of cercariae produced 
Daily cercarial counts were made for many experimentally 
infected snails. Cercariae emerging during each 24-hour period 
were counted about 9 PM by examining containers under the dis­
secting microscope. Records of cercariae produced by 12 snails 
during the first three weeks after emergence began and daily 
averages from those 12 snails are presented on Table 8. Only 
snails for which records wars nearly complete and which lived 
at least 21 days after cercarial emergence began were included. 
All snails were exposed to sunlight or artificial light for 
10-12 hours each day. 
A fairly consistent pattern is seen in cercarial produc­
tion during the first three weeks. The first day of cercarial 
emergence yields relatively few cercariae. A peak in cercarial 
production is reached three to six days after emergence begins. 
The number of cercariae produced daily at this time is often 
Table 8. Nunibers of cercariae shed daily by twelve snails 
during the first three weeks of cercarial emergence 
Snail^ Days after cercarial emergence began 
1 2 3 4 5 6 7 8 9 10 
1 20 40 105 295 210 20 _b _b 64 47 
2 3 50 105 210 260 287 160 40 
_b _b 
3 22 153 137 172 100 
_b 
31 81 47 47 
4 14 35 125 164 82 60 26 
_b 
29 37 
5 5 62 81 34 36 25 45 26 21 39 
6 10 103 146 49 27 81 77 58 176 90 
7 5 145 163 146 
_b 93 47 9 53 8 
8 41 115 109 130 28 76 27 
_b 120 94 
9 3 52 220 157 174 230 156 78 123 83 
10 7 56 129 114 76 58 35 26 4 22 
11 2 7 66 158 208 101 31 35 32 51 
12 12 34 33 4 19 18 6 84 31 59 
Totals 144 852 1420 1633 1220 1049 641 437 700 577 
Ave. 12 71 118 136 111 95 58 49 64 53 
^Snails 1-8 were P. gyrina; snails 9-12 were P. intégra. 















































13 14 15 16 17 18 19 20 
23 37 44 117 83 121 81 114 
49 184 80 157 276 164 173 117 
44 70 87 71 81 78 34 46 
43 61 112 92 47 7 48 94 
85 154 76 132 144 69 11 36 
117 50 83 96 114 102 137 246 
82 56 163 130 76 49 9 12 
70 97 95 33 59 45 45 32 
_b 83 53 53 95 107 64 63 
131 26 86 76 77 63 62 8 
12 15 80 47 22 70 74 141 
5 22 29 
_b 108 11 53 27 
661 855 988 1004 1182 886 791 936 
60 71 82 91 99 74 66 78 
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unsurpassed during the rest of the snail's lifetime. By the 
seventh or eighth day cercarial production has dropped off 
considerably. 
A second peak in cercarial emergence is usually seen at 
the beginning of the third week (most often on the sixteenth 
or seventeenth day after emergence begins). The time of this 
second rise in cercarial emergence is more variable than the 
time of the first peak. In some snails, such as number 6 on 
Table 8/ three peaks of production appear during the first 
three weeks. Other snails, such as snail number 12 on Table 8, 
show little indication of the typical emergence pattern. 
For these 12 snails, average daily cercarial production 
was 86.0 cercariae during the first week, 60.1 cercariae during 
the second week and 80.3 cercariae during the third week. 
After the third week the number of cercariae emerging 
daily seems to fluctuate more irregularly. Records are too 
few and incomplete to show a consistent pattern. One snail 
which reached its second peak of production on the sixteenth 
day after emergence had begun indicated a third peak of pro­
duction on the twenty-ninth day and a fourth peak about the 
thirty-sixth day. A naturally infected P. intégra from 
Miller's Bay that lived 125 days after being collected, showed 
fluctuations in cercarial production much like those in experi­
mental infections. This snail passed its last obvious peak of 
production 72 days after it was brought into the laboratory. 
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Because snails included on Table 8 had been exposed at 
various times of the year and kept in individual containers, 
such factors as environmental temperature, light, and avail­
ability of food can be eliminated as possible causes of the 
consistent variations seen in cercarial emergence. 
During peak production days, over 100 cercariae commonly 
emerge. The emergence of more than 300 cercariae in one day 
was rare, however, and was observed only twice during this 
study in hundreds of laboratory infections. Several naturally 
infected P. intégra and A. hypnorum were each observed shedding 
400-600 cercariae daily. These naturally infected snails, how­
ever, were somewhat larger than those infected in the labora­
tory. 
Daily cercarial output seen in these results is quite low 
compared to that of Bulinus nasutus naturally infected with S_. 
haematobium as shown by McClelland (1967) who determined 
average daily cercarial output for over 20 snails, half of 
which shed over 1,000 cercariae each day. He found great 
fluctuations in cercarial production, but did not attempt to 
record day by day cercarial production to see if a regular 
emergence pattern existed= 
Duration of infection 
Naturally infected snails usually lived only several weeks 
after being taken into the laboratory, as noted above. P. 
gyrina experimentally infected with G. huronensis lived longer 
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after cercarial emergence began them did experimentally 
infected P. intégra. This longevity of P. gyrina varied from 
one to 131 days and averaged 24.9 days. In P. Integra it 
varied from one to 44 days and averaged only 20.0 days. Eight 
P. gyrina lived over 50 days after cercariae were first shed, 
but no infected P. intégra lived this long. Average cercarial 
incubation times for P. gyrina and P. intégra were 26.1 and 
23.5 days respectively; the total duration of infection of 
P. gyrina averaged 51.0 days and that of P. intégra averaged 
43.5 days. 
Length of life after cercarial emergence began in Aplexa 
hypnorum averaged 27.3 days, based on information from only 11 
snails. This time period added to the average cercarial incu­
bation time gives 52.9 days as the average duration of infec­
tion in A. hypnorum. 
In determining the average duration of infection for 
snails above, it was assumed that death of the snail terminated 
the infection period. In most cases this was true, but in 
several instances cercarial production had apparently ceased 
prior to the death of the snail. 
There is almost never a loss of S^. mansoni infection by 
Biomphalaria glabrata maintained at normal temperatures (26-
28°C), according to Stirewalt (1954); however, at 23-25°C 
about 10 per cent of the B. glabrata lost their infections 
within three months after exposure. McClelland (1967) also 
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reported that Biomphalaria sudanica infected with S. mansoni 
occasionally become spontaneously cured. 
During this investigation, one P. intégra dying 36 days 
after cercarial emergence began, and one P. gyrina dying 
80 days after emergence began, were teased apart shortly after 
death. In each, the hepatopancreas contained much sporocyst 
tissue but no active or developing cercariae. No cercariae had 
been shed from either host during the three days immediately 
prior to death. These findings seem to indicate that the 
cercarial supply within the sporocysts of each host had been 
exhausted. 
Another P. gyrina (snail no. 8, Table 8) that lived 55 
days after having begun to shed cercariae, produced no 
cercariae from the 38th through the 52nd day. However, during 
the 53rd through the 55th days after cercarial production 
began, six, two, and one cercariae were shed, respectively. 
V^Then dissected at the end of day 55, only one or two recogniz­
able daughter sporocysts and one cercaria were found in the 
hepatopancreas, the remainder of the gland appearing normal. 
Earlier, as many as 130 cercariae had been shed by this snail 
on a single day. Many sporocysts must have been present at 
that time. Apparently this snail had nearly completed recovery 
from its infection with G. huronensis. 
Because one laboratory infected P. gyrina produced 
cercariae for 109 days and a naturally infected P. intégra 
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produced cercariae for 125 days after having been brought into 
the laboratory, it is obvious that none of these snails 
just described had reached an absolute maximum duration of 




During the summers of 1962-1967, a total of 177 wild birds 
from Dickinson and Clay Counties, Iowa were examined for 
naturally occurring schistosome infections. The birds repre­
sent 32 species, all of which are normal summer residents of 
northwest Iowa. A list of species with numbers examined and 
those infected is found in Table 9. Included are 10 red-winged 
blackbirds and 27 yellow-headed blackbirds from a survey of 
helminths of blackbirds (Daniell, 1964). 
Gigantobilharzia huronensis was found in the intestinal 
veins of 33 birds representing five species. Fourteen red-
winged blackbirds (Agelaius phoeniceus), five yellow-headed 
blackbirds (Xanthocephalus xanthocephalus), and 11 common 
grackles (Quiscalus quiseula), all of the family Icteridae 
harbored infections. One catbird (Dumetella carolinensis) of 
the family Mimidae, and one house wren (Troglodytes aedon) of 
the family Troglodytidae were also infected. All species 
above represent new host records. 
Najim (1950) recorded the first natural infection of 
G. huronensis from the American goldfinch, Carduelis (=Spinus) 
tristis, of the family Fringillidae. The cardinal, Cardinalis 
(=Richmondena) cardinalis, of the same family is also a 
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Table 9. Definitive hosts examined for Gigantobilharzia 
huronensis 
Number Number Per cent 
PASSERIFORMES 
Icteridae 
Agelaius phoeniceus 27 15 55.6 
(Red-winged Blackbird) 
Xanthocephalus 33 5 15.2 
xanthocephalus 
(Yellow-headed Blackbird) 
Quiscalus quiscula 23 11 47.8 
(Common Crackle) 
Dolichonyx oryzivorus 1 0 
(Bobolink) 
Sturnella magna 1 0 
(Eastern Me adow1ark) 
Molothrus ater 2 0 
(Brown-headedCowbird) 
Mimidae 
a 1 1 a a 1 4 c ^ 1 0 C\ A 
(Gray Catbird) 
Toxostoma rufum 3 0 
(Brown Thrasher) 
Troglodytidae 
Troglodytes aedon 2 1 50.0 
Tyrannidae 
Tyrannus tyrannus 5 0 
(Eastern Kingbird) 
Contopus virens 1 0 
(Eastern Wood Pewee) 
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Table 9 (Continued) 
Number Number Per cent 
Host sp. examined infected infected 
Hirundinidae 
Riparia riparia 2 0 
(Bank Swallow) 
Hirundo rustica 3 0 
(Barn Swallow) 
Petrochelidon pyrrhonota 1 
(Cliff Swallow) 
0 
Progne subis 1 0 
(Purple Martin) 
Corvidae 
Cyanocitta cristata 3 0 
(Blue Jay) 
Turdidae 
Turdus migratorius 3 0 
(American Robin) 
Sturnidae 
Sturnus vulgaris 2 0 
(Common Starling) 
Vireonidae 
Vireo gilvus 1 0 
(Warbling Vireo) 
Parulidae 
Dendroica petechia 2 0 
(Yellow Warbler) 
Geothlyois trichas 1 0 
(Common Yellowthroat) 
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Table 9 (Continued) 
Number Number Per cent 
Host sp. examined infected infected 
Ploceidae 
Passer domesticus 30 0 
(House Sparrow) 
Fringillidae 
Spiza americana 5 0 
(Dickcissel) 
Carduelis tristis 2 0 
(American Goldfinch) 
Pooecetes gramineus 1 0 
(Vesper Sparrow) 
Melospiza georgiana 2 0 
(Swamp Sparrow) 












Chaetura pelagica 1 0 
(Chimney Swift) 
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Table 9 (Continued) 
Number Number Per cent 
Host sp. examined infected Infected 
PICIFORMES 
Picidae 
Colaptes auratus 3 0 
(CommonFlicker) 
Melanerpes erythrocephalus 1 0 
(Red-headed Woodpecker) 
Picoides pubescens 3 0 
(Downy Woodpecker) 
Totals 177 33 16.4 
natural host (Najim, 1956). Although 14 birds of the family 
Fringillidae were examined during the present study, none was 
found infected. 
Beth infected fringillids found by Najim (1956) were from 
the Huron River area near Ann Arbor, Mich. Two catbirds col­
lected from the same region were negative for G. huronensis 
(Najim, 1951). He did not examine blackbirds, grackles, or 
house wrens. 
The schistosome identified as Gigantobilharzia sp. from 
A. phoeniceus and X. xanthocephalus by Daniell and Ulmer (1964) 
has now been identified as G. huronensis. At the present time 
there are seven known natural definitive hosts for G. 
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huronensis, representing four families of passerine birds. 
In this study, G. huronensis infections classified as 
heavy (infections with more than 30 worms) were found in one 
catbird, one yellow-headed blackbird, two red-winged black­
birds, and two grackles. In heavy infections, worms are rather 
unevenly distributed throughout the mesenteric and intestinal 
veins from the duodenum to the ceca. Most birds, including the 
house wren, carried light infections (5-15 worms). In light 
infections, worms are usually concentrated in the minute intes­
tinal veins immediately anterior to the ceca. Several very 
light infections were evidently unisexual since no G. huronensis 
eggs were seen and no miracidia hatched when teased intestinal 
wall was placed in water. 
Despite the fact that all organs of necropsied wild birds 
were examined for schistosomes, G. huronensis was found only 
in the mesenteric and intestinal veins. Experimental infec­
tions, discussed in a later section, show that immature worms 
live in the host's lungs, liver, and kidneys, and may be found 
in other parts of the body during migration. It is possible 
that these organs of some of the examined wild birds were 
infected, and the tiny immature worms were inadvertently over­
looked . 
Birds infected with G. huronensis were collected from 
seven localities in Dickinson County (Table 10 and Map 1). All 
are lakeshore or marsh areas with year-round standing water in 
Table 10. Numbers of infected birds collected at seven localities in Dickinson Co., 
Iowa 
Locality Agelaius Xanthocephalus Quiscalus Troglodytes Dumetella 





Lake West Okoboji 
(northwest corner) 











Totals 15 11 
Map 1. Collecting areas in Dickinson Co., Iowa 
A. We ist end of Silver Lake 
B. Diamond Lake 
C. J&mmerson Slough 
D. Lcike West Okoboji, Northwest corner 
E. Lake West Okoboji, Miller's Bay 
F. Spring Run 
G. Prairie Lake 
9, 32, and 71 are Iowa State Highways 
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which lives at least one known intermediate host species. 
Experimental Infections 
Various domestic and cage birds, as well as native wild 
species from northwest Iowa, were used as experimental defini­
tive hosts for G. huronensis during this study. Many experi­
mental infections were of short duration for the purpose of 
studying cercarial penetration or schistosomular development 
and migration. In other infections, hosts were retained in the 
laboratory for long periods of time to provide a source of 
adult worms and data on pathology of long-standing infections. 
Some experimental hosts were kept principally as a source of 
G. huronensis eggs to be used for further exposures. In this 
way, a single line of infection was maintained through many 
generations by successive passage through laboratory-reared 
snails and various birds. Eggs from the intestinal mucosa of 
a naturally-infected catbird provided the original source of 
this infection. Most experiments on cercarial penetration, 
schistosomular development and migration, and pathology were 
carried out with worms from this line. Freshly released 
gyrina, Physa Integra, or both were used in most experimental 
exposures. 
Some experimental infections were also established using 
cercariae having emerged from naturally infected snails. This 
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was to confirm the identification of the species. Exposures 
with cercariae from single naturally infected snails always 
yielded unisexual infections. 
By far the greatest number of experimental hosts were 
chickens, Gallus domestieus, with an infection rate of nearly 
100 per cent, even in cases where exposures were relatively 
light (less than 100 cercariae). Although passerine birds are 
normal hosts for G. huronensis, chickens of the order Galli-
formes were selected for experimental work after it was deter­
mined that development in them is essentially the same as that 
in natural hosts. Because baby chicks are readily available 
as parasite-free hosts and require minimal care as young birds, 
they are desirable experimental hosts, especially for short-
term infections. 
For long-term infections, chickens are not desirable hosts 
because their large size necessitates larger cages and greater 
amounts of food, and the resultant volume of feces makes 
recovery of trematode eggs and miracidia more difficult. 
Furthermore, the presence of fat deposits around the intestine 
of older chickens makes location and recovery of adult worms 
very difficult. 
A summary of attempts made by other workers to use chick­
ens and other birds as experimental hosts for species of the 
genus Gigantobilharzia is found in Table 11. 
Table 11. Methods and results of previously attempted experimental 
Giga.ntobilharzia s pp. infections in definitive hosts 
Species Host 
exposed 
Method of exposure Results Reference 
G. elongata parakeet 
pigeon 
mouse 












directly to skin 
(same as above) 
(same as above) 
skin exposed, 
host held in 
infested water 
(same as above) 
(same as above) 
(same as above) 
(same as above) 
? 
various methods 
2 of 3 infected Grodhaus, 1965 
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Short and Menzel, 
1960 
Daniell & Ulmer, 
1969 
















skin exposed, host 
held in infested 
water 15-30 min. 
(same as above) 





peroral and by 
swimming in 
infested water 




1 of 2 infected 
2 of 2 infected 







& Tanabe, 1951 
Donges, 1965 
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Infections were attempted in four additional species of 
birds commonly used in the laboratory. One canary, Serinus 
canariay two parakeets or budgerigars, Melopsittacus undulatus, 
and one pigeon or rock dove, Columba livia, all became 
infected. One domestic mallard duckling. Anas platyrhynchos, 
did not become infected. 
The canary used in this study was first exposed to 
approximately 75 cercariae from three experimentally infected 
snails. Since no G. huronensis eggs appeared in the feces 
during the next three months, the bird was given a second 
exposure of approximately 50 cercariae from several different 
snails. At necropsy 79 days after the second exposure, the 
intestinal veins were heavily infected with adults, and eggs 
were found in both the intestinal mucosa and liver. 
Najim (1850, 1956) used canaries as well as chickens as 
experimental hosts for G. huronensis. It is not surprising 
that the canary serves as a suitable experimental host since 
it belongs to the same family (Fringillidae) as the cardinal 
and goldfinch, both natural hosts of G. huronensis. Canaries 
have also been used successfully as experimental hosts for 
three species of the related genus, Trichobilharzia; namely, 
T. ocellata, T. stagnicolae, and T. physellae according to 
McMullen and Beaver (1945). 
Each parakeet was exposed to several hundred cercariae 
resulting in rather heavy infections. Cercariae from 
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laboratory infected Physa gyrina and P. intégra were used to 
expose one parakeet. The second was exposed to cercariae from 
several naturally infected Aplexa hypnorum. Although the 
parakeet is not a passerine bird, G. huronensis infections seem 
to develop normally. This avian species has also been used as 
an experimental host for G. elongata whose normal definitive 
host is a grebe (Grodhaus, 1965), for G. huttoni whose normal 
definitive host is probably a pelican (Leigh, 1957), and for 
Austrobilharzia terrigalensis normally found in gulls (Rai and 
Clegg, 1968). 
A pigeon was exposed to about 225 cercariae from labora­
tory infected Physa gyrina and P. intégra. Its feces contained 
G. huronensis eggs 37 days after exposure, the first day the 
feces had been checked. Grodhaus (1965) found the pigeon to be 
a suitable host for G. elongata, but G. huttoni did not develop 
in it (Leigh, 1955). 
No worms were recovered from a single duckling which had 
been exposed over a period of five days to approximately 300 
cercariae from laboratory infected physids. This host was 
carefully examined 32 days after the last exposure. Najim 
(1956) reported that G. huronensis fails to develop in ducks; 
however, ducks have served as suitable experimental hosts for 
G. mazuriana and G. vittensis (see Table 11). 
Wild birds used as experimental hosts included four yellow-
headed blackbirds (Xanthocephalus xanthocephalus), three common 
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grackles (Quiscalus quiscula), one dickcissel (Spiza americana), 
two house sparrows (Passer domesticus), one blue jay 
(Cyanocitta cristata), all of the order Passeriformes, and one 
mourning dove (Zenaida macroura) of the order Columbiformes. 
All of these birds, with the exception of the mourning dove, 
became infected. When the mourning dove was examined 40 days 
after exposure to 100 cercariae from laboratory infected 
physids, no worms were found. This confirms Najim's (1956) 
report that the mourning dove is not a suitable host. As noted 
above, an experimental infection of G. huronensis was 
established during the present study in a pigeon which belongs 
to the same family as the mourning dove. 
Establishment of experimental infections in the yellow-
headed blackbird and grackle would be expected since both 
species are natural hosts of G. huronensis in northwest Iowa. 
Natural infections are not known in the dickcissel; however, 
it is a member of the family Fringillidae which includes the 
two species (cardinal and goldfinch) that Najim (1956) reported 
as natural hosts. The house sparrow and blue jay are the first 
members of the respective families Ploceidae and Corvidae to be 
reported as experimental hosts of G. huronensis ̂ 
None of the wild bird hosts above was reared in the 
laboratory. With the exception of two first year grackles and 
the adult dickcissel, birds to be used as hosts were captured 
as nestlings. Prior to use, all wild bird hosts were kept in 
74 
the laboratory for one month or longer, during which time 
regular fecal checks for the presence of schistosome eggs were 
made. None showed evidence of patent infection at the time it 
was exposed. 
The wide range of known natural and experimental hosts 
within the order Passeriformes, plus existence of experimental 
infections in hosts (parakeet, chicken, and pigeon) in three 
additional avian orders, suggests a low degree of definitive 
host specificity for G. huronensis. It seems likely that most 
passerine species could serve as hosts for this schistosome. 
The more common natural occurrence of this parasite in certain 
passerines than in others can probably be explained by specific 
habits of individual species rather than by specificity of the 
parasite. 
Methods of Entry into Definitive Hosts 
Many studies have dealt with skin penetration of mammalian 
schistosome cercariae, especially those of the genus 
Schistosoma (Gordon and Griffiths, 1951; Stirewalt, Kuntz and 
Evans, 1951; Stirewalt and Hackey, 1956; Standen, 1953). Pene­
tration of mammalian skin by avian schistosome cercariae with 
subsequent production of "schistosome dermatitis" has also been 
extensively studied (Olivier, 1949; Olivier and Weinstein, 1953; 
Batten, 1956). Relatively little is known, however, concerning 
entrance of cercariae into normal avian hosts. McMullen and 
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Beaver (1945), Rai and Clegg (1968), and Bourns, Ellis, and 
Rau (1973) offer some information in this area. 
Most avian schistosomes have been described from swimming 
or wading birds, e.g., ducks, gulls, terns, and grebes. 
Natural exposure of such birds to schistosome cercariae seems 
to occur frequently. Thirteen of the 16 known species of 
Gigantobilharzia have aquatic avian hosts; however, G. 
huronensis, G. gyrauli, and G. sturniae are parasites of 
passerine birds. Passerines are, for the most part, not 
closely associated with water; consequently, exposure to 
schistosome cercariae seems less likely. Possible exceptions 
to this are blackbirds and grackles which during this study 
were frequently observed at the water's edge. 
Three possible methods of natural infection with avian 
schistosomes seem to pertain to passerine birds; (1) direct 
cercarial penetration through skin, principally through feet 
and lower legs while the bird is standing in water, 
(2) cercarial entrance with drinking water, followed by pene­
tration of buccal, pharyngeal, or esophageal epithelium, and 
(3) ingestion of cercariae within infected snails with sub-
digestive tract. 
To determine which of these methods could produce G. 
huronensis infections, laboratory exposures simulating natural 
situations were made. Success of each exposure method was 
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determined when birds were necropsied 30 days later and adult 
worms were counted. This experiment was reported earlier 
(Daniell and Ulmer, 1969). 
One 14 day old chick was allowed to stand for one hour 
in 200 ml of water containing 100 cercariae. The head of this 
bird was covered to prevent exposure through the mouth. Thir­
teen adults were recovered as the result of this exposure. 
Another 14 day old chick was permitted to drink repeatedly 
from 200 ml of water containing 100 cercariae- This bird was 
restrained so that only its head could reach the water. Thirty-
one adult worms were later recovered. 
Each of two 18 day old chicks were fed two infected 
snails. The day preceding this experiment, each snail had 
released approximately 50 cercariae. The first chick was fed 
20 minutes after the two infected snails had been moved from 
total darkness into daylight, i.e., at the peak of cercarial 
emergence. Nine adult worms were recovered as the result of 
this exposure. Feeding of the second chick was in the after­
noon, a time when cercariae usually do not emerge^ Only two 
worms were later found in this host. 
Results of these experiments show that infections may 
occur through cercarial penetration while the bird is standing 
in infested water, through drinking of infested water, and 
through ingestion of infected snails. The greatest number of 
worms were recovered from the host exposed to cercariae in its 
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drinking water. 
Only small numbers of worms (13) were recovered from the 
chick previously exposed by standing in water. Penetration 
would have been principally through the skin of feet and lower 
legs because feathers provide protection over the rest of the 
body surface. Results of this exposure and a following experi­
ment show that G. huronensis cercariae are capable of pene­
trating the skin of the feet and lower leg, but less readily 
than typical body skin. Rai and Clegg (1968) found that 
Austrobilharzia terrigalensis does not penetrate the skin of 
the feet of gulls; Bourns et al. (1973), however, regularly 
infected ducks with Trichobilharzia ocellata by immersing the 
feet in infested water. 
Recovery of worms from hosts exposed through feeding on 
infected snails indicates that this is also a possible source 
of infection. Although snails are not a large part of the diet 
of any of the bird species found naturally infected with G. 
huronensis, some snails are eaten by yellow-headed blackbirds 
(Orians, 1966), red-winged blackbirds, and grackles (Snelling, 
1968). Oda (1956b) suggests that infection of birds with G. 
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Various laboratory exposure methods have been used in the 
past to produce Gigantobilharzia infections (Table 11). These 
have involved placing drops of water containing cercariae onto 
skin (percutaneous exposure) or into the mouth (peroral 
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exposure), or by partially immersing hosts in infested water. 
In an early experiment, Szidat (1930b) reported that infections 
of Bilharziella polonica in ducks occurred when cercariae were 
placed in the mouth and esophagus, as well as when cercariae 
were placed on the skin. Trichobilharzia infections have been 
produced by using infested drinking water, by pipetting heavy 
cercarial suspensions into the mouth, and by immersion of the 
host in a cercarial bath (McMullen and Beaver, 1945). Ducks 
may become infected with Trichobilharzia ocellata when one foot 
is immersed in infested water for 90 minutes (Bourns et al., 
1973). 
In this study, avian hosts were usually exposed percutan-
eously on the upper leg (feathers removed) or on the relatively 
bare skin of the body under the wings. Using this method, 
which is almost always successful in producing G. huronensis 
infections, exact numbers of cercariae coming in contact with 
the skin, but not necessarily penetrating skin, are known. 
To compare the relative success of cercarial penetration 
through various epithelial tissues, chicks were exposed by 
placing 100 cercariae directly onto one of the following areas: 
bare skin of the upper leg, scaly skin of the lower leg, or 
epithelium within the buccal cavity. Chicks of two ages (5 
days and 17 days) were used. Success of penetration and sub­
sequent development was determined by the number of adult worms 
recovered from hosts 30 days after exposure. 
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Results (Table 12) suggest that cercarial penetration was 
most successful (53 per cent) through skin of the upper leg. 
Thus, for maximum infection in routine laboratory experiments, 
skin of the upper leg appeared to be a suitable exposure 
surface. Forty per cent of the available cercariae penetrated 
the buccal cavity lining, and only 10 per cent penetrated the 
skin of the lower leg. 
Table 12. Relative success of cercarial penetration through 
three host surfaces and subsequent development as 
determined by numbers of adults recovered 30 days 
post-exposure 
Host age at 
exposure 
Adults recovered after exposure to 100 cercariae 
Lower leg Upper leg Buccal cavity 
exposure exposure exposure 
5 day chick 
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In evaluating the above experiments, one must remember 
that the number of penetrating cercariae is not usually the 
same as the number of maturing adults. In mansoni, for 
example, only 40 per cent of entering cercariae are recoverable 
as adults (Stirewalt, Shepperson, and Lincicome, 1965). These 
authors, as well as Warren and Peters (1967) , used exposure 
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techniques whereby exact numbers of penetrating cercariae were 
determined. These numbers could then be compared with numbers 
of adults recovered to show success of development after pene­
tration. 
Migration and Development of Schistosomula 
and Young Adults 
Migration within the skin 
Many excellent accounts of Schistosoma mansoni schistoso-
mular migration and behavior within the skin of experimental 
hosts have been published (Gordon and Griffiths, 1951; Standen, 
1953; Stirewalt, 1959). More recently, migration of schisto­
somula in avian skin by Austrobilharzia terrigalensis and 
Trichobilharzia ocellata was described by Rai and Clegg (1968) 
and Bourns et al. (1973). 
Movement of Gigantobilharzia huronensis schistosomula 
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penetration until their departure from the skin. Previously 
unexposed chickens were each exposed to approximately 100 
cercariae from experimentally infected Physa gyrina and P. 
intégra. Unless otherwise stated, exposures were made by 
placing cercariae directly onto the skin of the upper leg 
(tibia region). At varying intervals, from ten minutes to four 
days post-exposure, hosts were killed and pieces of skin 
approximately 5 mm square were excised from the exposed area. 
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Tissues were fixed in Bouin's fixative, sectioned, stained, and 
examined for the presence of schistosomula. Duplicate 
exposures were made, once with young chickens 3-8 days old and 
once with older chickens 50-100 days old. 
Locations of schistosomula and percentages found in each 
skin layer are recorded in Tables 13 and 14. In most cases, 
serial sections of tissue from several different hosts were 
examined for schistosomula for each time interval. 
The skin of the upper leg of chickens is quite thin and 
consists of two principal layers, the outer epidermis and 
inner dermis. The epidermis is stratified squamous epithelium 
consisting of an inner, living, stratum germinativum and the 
outer, nonliving, keratinized stratum corneum. The dermis, 
composed of fibrous connective tissue containing blood vessels, 
nerves, and feather follicles, rests upon the loose sub­
cutaneous connective tissue, the hypodermis. 
The epidermis of the upper leg is only 10-15 micrometers 
thick; schistosomula are approximately 50 micrometers in 
diameter. Thus, a schistosomulum lodged in either the stratum 
corneum or stratum germinativum produces a distinct bulging of 
the skin surface. Most worms apparently move very rapidly 
through the thin (2-5 micrometers) stratum corneum. Those few 
recorded from this layer were lying parallel to the skin sur­
face directly against the stratum germinativum (Fig. 5) . 
Table 13. Distribution of G. huronensis schistosomula in skin of young chicks 
(3-8 days old) 
Time after Total Stratum 
exposure no. in corneum 
sample 
10-20 min 7 14 
30-45 min 8 0 
60-90 min 13 0 
2-3 hr 7 14 
4-5 hr 5 0 
6-7 hr 29 0 
24 hr 26 0 
48 hr 2 0 
72 hr 0 0 
96 hr 1 0 
Distribution (%) 
Stratum Dermal- Dermis Hypodermis 
germinativum epidermal 
juncture 
43 14 14 14 
0 0 87 13 
15 46 23 15 
0 71 14 0 
0 20 40 40 
0 3 76 21 
0 0 85 15 
0 0 100 0 
0 0 0 0 
0 0 0 100 
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Entry sites were usually not observed; however, cercarial 
penetration apparently can occur anywhere on the skin surface. 
There was no evidence of penetration through feather follicles 
or inward migration along the follicular wall. Cercarial 
tails were shed prior to entry, and none was observed in 
tunnels within the skin as has sometimes been observed in S. 
mansoni (Gordon and Griffiths, 1951). 
In older chickens, many schistosomula are found within the 
stratum germinativum from 10 minutes to four hours after 
exposure. In younger chickens, however, few are present in 
this layer or external to it except during the 10-20 minute 
time interval. It appears that the stratum germinativum sig­
nificantly retards penetration in older chickens, but not in 
younger birds. Rai and Clegg (1968) concluded that the 
Malpighian layer (stratum germinativum) of the epidermis is the 
main barrier to penetration by Austrobilharzia terrigalensis in 
experimental hosts. 
In both age groups, many G. huronensis schistosomula were 
found at the dermal-epidermal juncture (Figs. 8, 9). These 
worms appeared to be under the stratum germinativum; however, 
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(1959) reported many S. mansoni schistosomula at the dermo-
epithelial juncture of mouse abdomen skin for one day and tail 
skin for four days after exposure. At this level, and also 
within the stratum germinativum, G. huronensis schistosomula 
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almost without exception lie parallel to the skin surface. 
In some cases, the anterior end is pointed inward as observed 
by Bourns et al. (1973) in Trichobilharzia ocellata infections 
in ducks. 
Because movement through the stratum germinativum is more 
rapid in young chickens, greater numbers of schistosomula in 
such hosts are present earlier in the dermis and at the dermal-
epidermal juncture (Fig. 6). Greater numbers of worms were 
found in the hypodermis of chickens in the 3-8 day age group at 
nearly every time interval. Within the dermis and hypodermis, 
worms are frequently not lying parallel to the skin surface. 
By 24 hours after exposure in both age groups, all 
schistosomula are deep within the dermis or hypodermis layers. 
Only a few worms appear in the skin 48 hours after exposure 
(Fig. 14), and none was seen at three days. A single 
schistosomulum was found in the hypodermis of a host four days 
post-exposure. The absence of significant numbers of schisto­
somula in the skin by 48 hours after exposure indicates that 
most worms have migrated to other body regions. This is 
supported by the finding of many worms in the lungs at that 
The rate of migration through the skin is obviously quite 
variable. Ten to twenty minutes after exposure, schistosomula 
were found in every skin layer and in the hypodermis. Con­
siderable lateral movement by schistosomula, especially within 
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the dermis, is indicated by the presence of long tunnels 
containing cellular debris extending behind many of the worms. 
With a single exception, schistosomula observed in chicken 
skin sections appeared to have been alive at the time of fixa­
tion. One cercaria in the stratum corneum at two hours after 
exposure was obviously dead (Fig. 10). Rai and Clegg (1968) 
found that 40 per cent of Austrobilharzia terrigalensis 
schistosomula recovered from experimentally exposed seagulls 
were dead. Similarly, Clegg and Smithers (1968) found numerous 
dead S. mansoni schistosomula soon after experimental exposures 
of rats, mice, and hamsters. These dead schistosomula were 
recovered from skin shortly after exposure, but the authors 
indicated that no histological distinction could be made 
between living and dead worms. No evidence of G. huronensis 
undergoing necrosis or phagocytosis by leucocytes was observed 
as might be expected if dead worms were present. 
Microscopic examination of skin sections from the upper 
leg of an infected adult grackle indicates that migration of 
G. huronensis schistosomula is as rapid here as it is in 
chicken skin. At 10-15 minutes after exposure, 10 of 14 
observed schistosomula were in the stratum germinativujn.. while 
the other four had already moved into the dermis. 
Infection by penetration of the scaly skin of the lower 
leg was demonstrated in an earlier section. The epidermis of 
the lower leg of a 50 day old chicken is approximately six 
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times the thickness of that of typical body skin, with the 
stratum corneum and stratum germinativxim each about 45 micro­
meters thick. At one hour post-exposure, schistosomula were 
found within the stratum corneum and between the comeum and 
germinativum layers. By 90 minutes after exposure, worms had 
moved into the stratum germinativum and had reached the dermal-
epidermal juncture (Fig. 9). 
It was shown in a previous section that cercariae pene­
trate not only the skin, but also the mucous membrane of the 
buccal cavity. Sectioning revealed that tissue taken two hours 
after exposure from the floor of the buccal cavity (exposure 
site) contained many schistosomula. Most of these were located 
near the base of the thick, stratified, squamous epithelium of 
the mucous membrane, or at the juncture of the epithelium and 
the lamina propria (Fig. 11). Another chick was exposed by 
placing cercariae in the pharynx region just behind the base 
of the tongue. Tissue was fixed two hours post-exposure. Sec­
tions of the mucous membranes of the pharynx and esophagus 
revealed schistosomula deep within the epithelial layer and 
also between the epithelium and the lamina propria (Figs. 12, 
13). In nearly every case, migrating schistosomula. in the wall 
of the esophagus were oriented at right angles to the lumen 
surface. 
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Migration through internal organs 
Upon leaving the skin, principally between 24 and 48 hours 
after exposure, G. huronensis schistosonula iri.grate to the 
lungs and other internal organs. Although no worms were found 
within veins of the skin, it is assumed that migration is 
mainly via blood vessels. Lymph vessels offer another possible 
route. 
Trichobilharzia ocellata schistosomula appear to leave the 
skin through small veins (Bourns et al., 1973), and migration 
to lungs via the blood vascular system has also been reported 
for species of the genus Schistosoma (Miyagawa and Takemoto, 
1921; Faust and Meleney, 1924; Kruger et al., 1969). Standen 
(1953) observed entrance of S. mansoni schistosomula into lymph 
vessels in the skin of mice and suggested that this is the main 
route of migration into the circulatory system. 
In an attempt to trace the movement of G. huronensis after 
it leaves the skin, young chickens were killed at regular 
intervals after exposure, and internal organs were carefully 
examined for the presence of schistosomula and young adults. 
Body regions regularly checked included: skin at exposure 
site, lungs, liver, kidney, spleen, heart, intestinal veins, 
and body cavity. 
Immediately after the body was opened, gross appearance of 
the organs was observed, and abnormalities were noted. Prior 
to removal of organs, surfaces of the lungs and liver, as well 
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as the body cavity around these organs, were washed with saline, 
and washings were examined for young worms. The heart and 
associated larger vessels were opened and washed with saline 
for recovery of worms. Flukes were counted within the intes­
tinal veins on the surface of the intact intestine, as well as 
in small pieces of intestine pressed between two glass slides. 
Other organs were teased into small fragments and steeped in 
saline to allow worms to migrate from the tissue so they could 
be recovered and counted. This technique was successful until 
about eight days post-exposure. After that time, probably 
because of their increased size, recovery of worms from tissue 
was more difficult. 
Distribution of young adults within the definitive host is 
shown in Table 15. Percentages were calculated from total 
number of worms observed in two or three different hosts 
examined at each infection age. Although some worms in each 
host were probably overlooked, this technique provides a close 
approximation to the distribution of worms at various times 
after exposure. 
Earlier than 24 hours post-exposure, schistosomula were 
found only in the skin at the site of exposure. However, one 
day after exposure, 20 per cent had migrated from the skin to 
the lungs; two days after exposure, only five per cent remained 
in the skin. 
Table 15. Distribution of G. huronensis in definitive host organs from 8 hours 





From the second through the twelfth day after exposure, 
most schistosomula (84 per cent) were concentrated in the 
lungs. During this same period, smaller numbers of schisto­
somula were regularly found within the liver and kidneys. 
Highest percentages within the liver were observed at four 
days (20 per cent) and nine days (18 per cent). Within the 
kidney, the highest percentages were found at three days (12 
per cent) and five days (18 per cent). These findings suggest 
that schistosomula do not migrate from one of these organs to 
another during this time. Rather, they apparently are able to 
develop in all three organs, at a more or less equal rate. 
Numbers of worms present in organs such as lung and liver can 
be determined from teased tissue, but it is easier to determine 
specific locations within organs by study of sectioned 
materials. 
Within the lungs, schistosomula one through ten days post­
exposure were usually found in pulmonary connective tissue 
between the parabronchi (Figs. 15-19). After migration from 
the skin, worms apparently lodge within small arteries or 
capillaries. As early as one day after exposure, it is diffi­
cult to determine their exact location because of dense acciJiP-U-
lations of leucocytes surrounding them (Fig. 15). A schisto-
somulum was found in an air passage in only one instance; it 
was four days old and was observed within a parabronchus (Fig. 
20) . 
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Nxambers of worms three to 14 days post-exposure were found 
near the lung surface (Fig. 16). These were often associated 
with hemorrhagic areas within the lung. Other worms at 6, 10, 
14, and 17 days after exposure were located adjacent to large 
blood vessels, usually arteries (Fig. 21). 
A few worms dissected from fresh lungs as early as 10 days 
after exposure were located within small blood vessels (Fig. 
23). Sectioned tissue showed that some worms at 14-25 days 
post-exposure were within large or small arteries (Figs. 21, 
24) . 
Within the liver at three and four days post-exposure, 
schistosomula were located primarily within parenchymal 
sinusoids. Several were near large branches of the hepatic 
vein. At nine days after exposure, some were located within 
small and medium-sized branches of the hepatic portal vein. 
Sections of tissue fixed at three and nine days post-exposure 
showed worms near the liver surface, but no scars indicating 
previous penetration sites were observed. Teased fresh liver 
tissue, nine days after exposure, also contained young worms 
near the surface; however, at 10 days this was not observed. 
By day 14 ̂ many worms (36 per cent) had migrated to the 
intestinal veins, but some were regularly found in the lungs 
as late as 30 days after exposure. Khalifa (1974) reported 
that G. mazuriana adults migrate to intestinal blood vessels 
of ducklings within two weeks. 
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No young worms were found in the liver after the fourteenth 
day or in the kidneys after the tenth day post-exposure. Worms 
were not recovered from the spleen or from the washings of the 
body cavity during this study. One schistosomulum at two days, 
and another at three days, post-exposure were recovered from 
the washings of the heart. 
Data similar to those above on distribution of schisto-
somula of G. huronensis are available for several mammalian 
schistosome species (Wilks, 1967; Yolles, Moore, and Meleney, 
1949; Sadun, Lin, and Williams, 1958). 
Bourns et al. (1973) studied the distribution of the avian 
schistosome, Trichobilharzia ocellata, in its natural defini­
tive host. When information from their study is compared with 
that presented here for G. huronensis, certain differences are 
obvious; T. ocellata reaches the intestinal veins sooner, 
probably associated with the more rapid maturation of the 
species ; fewer T. ocellata are found in the host's lungs ; and 
there is greater concentration of T. ocellata in the liver 
between the fourth and eighth days post-exposure. 
From data on distribution of schistosomula within the 
definitive host, it is often possible to hypothesize the 
schistosome's migratory pathway from the lungs to the intesti­
nal veins. Many reports indicate that mammalian schistosomes 
leave the lungs through the pulmonary veins, passing through 
the left side of the heart and aorta to the mesenteric arte­
ries , and working their way across into the venous system 
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(Miyagawa and Takemoto, 1921; Faust and Meleney, 1924; Faust, 
Jones, and Hoffman, 1934; Yolles et al., 1949; Olivier, 1953). 
There is some evidence to support the theory that mammalian 
schistosomula move from the lung tissue into the pleural cavity, 
passing through the diaphragm to reach the peritoneal cavity, 
and then penetrating the liver (Wilks, 1967). Some investi­
gators have found migration by both of the above routes (Sadun 
et al., 1958). Kruger et al. (1969) found Schistosoma mattheei 
schistosomula in the pulmonary arteries, right chambers of the 
heart, posterior vena cava, and hepatic veins of sheep and con­
cluded that they migrate via this route against the flow of the 
blood stream. 
On the basis of certain observations on distribution of 
Trichobilharzia spp. within the definitive host and the fact 
that birds lack a diaphragm, McMullen and Beaver (1945) sug­
gested that migration of schistosomula might be through the 
body cavity rather than via the vascular system. Bourns et al. 
(1973), however, found no T. ocellata schistosomula in the 
body cavity, air sacs, or at the surface of the liver but did 
observe them entering the veins of the lungs. Thus, they con­
cluded that migration is probably by means of the blood. 
Although specific localizations of G. huronensis were 
noted in this study, the precise route of migration through the 
definitive host's body was not definitely established. The 
presence of worms near the surface of the lungs and liver 
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suggests that they might break out into the coelomic cavity, 
move the short distance to the liver, and penetrate its surface. 
However, the absence of worms in the body cavity and the 
absence of superficial hepatic lesions do not support this con­
cept. 
The presence of young worms within branches of the hepatic 
portal vein within the liver suggests that some are able to 
migrate against the blood flow from the liver so as to reach 
the intestinal veins. At 12 days post-exposure, immediately 
prior to migration, most young worms, however, are seen within 
the lungs rather than in the liver. Although many are present 
within pulmonary vessels within the lungs after the tenth day, 
most of these worms occupy pulmonary arteries rather than veins. 
No movement of young adults through the heart, aorta, or other 
blood vessels was observed at this time. Because worms first 
appearing in the intestinal veins are quite large (approxi­
mately 7 mm long), their presence within such vessels or within 
the coelomic cavity should have been obvious. Further study is 
needed to determine with certainty the migration route or 
routes. 
Growth and development 
Growth and development of young schistosomes within 
definitive hosts have been studied by a number of workers in 
the past. One of the first efforts was that of Cort (1921), 
who studied the development of S. japonicum, beginning the 
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tenth day after infection. He especially noted changes in body 
shape and size, development of suckers, growth of the digestive 
tract, and development of reproductive organs and secondary 
sexual characteristics. 
Faust and Meleney (1924) described 24 post-cercarial 
developmental stages for japonicum. These stages, desig­
nated by Greek letters, were defined principally on the basis 
of average body lengths and development of internal organs, 
especially those of the intestinal ceca. Faust et al. (1934) 
divided development of S. mansoni into similar but slightly 
different stages. Yolles et al. (1949), in studying post-
cercarial development of mansoni after intraperitoneal and 
percutaneous infections, also employed the designation of 
developmental stages suggested by Faust et al. (1934). 
Because of the apparent variability of criteria in dif­
ferentiating stages in the above studies, El-Gindy (1951) used 
the development of the genital system as the sole criterion 
for classifying developmental stages of Schistosomatium 
douthitti. Thus, development, divided into nine stages, was 
described on the basis of the number of cells within the 
genital primcrdium and characteristic features associated with 
the maturation of the genital primordium into adult organs. 
McMullen and Beaver (1945) described and illustrated 
young worms of three species of the genus Trichobilharzia. 
The most complete study on growth and development of an avian 
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schistosome was that by Bourns et al. (1973), who studied 
Trichobilharzia ocellata, a species capable of unusually rapid 
development and attainment of sexual maturity in seven days. 
No attempts have been made to classify post-cercarial 
growth and development in species of the genus Gigantobilharzia, 
for schistosomula have been observed rarely and described only 
briefly. Najim (1956) observed G. huronensis schistosomula 
within the liver and lungs of experimental hosts. Grodhaus 
(1965) illustrated a schistosomulum of G. elongata taken from 
the lung of a parakeet, and Khalifa (1974) observed immature 
G. mazuriana within the lungs of experimentally infected 
ducklings. 
In the present study, young G. huronensis were recovered 
from experimentally infected chickens at regular intervals 
after exposure. Some were studied and measured alive (Figs. 
26, 27); others were fixed in AFA, stained, and mounted prior 
to examination. Growth, sexual maturation, and other morpho­
logical changes were observed in living as well as in stained 
specimens. Lengths and diameters of worms recorded in Table 16 
were derived only from measurements of whole mounts. Although 
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some are obviously more contracted than others. This may 
partially account for the wide variation in size observed for 
worms of the same age. However, actual size and developmental 
differences occur among schistosomula of a single age collected 
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Table 16. Body lengths and diameters (in mm) 









1 .157 (.151-.161) .050 
2 .183 (.144-.226) .046 
3 .212 (.163-.228) .069 
4 .339 (.173-.604) .094 
5 .612 (.293-.848) .076 
6 .940 (.360-1.632) .072 
7 1.488 (1.007-1.802) .062 
8 1.908 (1.134-2.798) .060 
9 2.209 (1.715-2.760) .060 
10 2.940 (2.459-3.413) . 066 
12 4.500 (2.258-7.450) .053 
14 7.237 (4.660-9.879) .041 
17 8,893 (6.805-10.102) .036 
20 9.466 .039 
from a given organ in a single host. 
Attempts to measure living worms so as to provide greater 
constancy in size proved unsatisfactory. Because of their 
motility and unusual ability to contract and greatly extend, 
accurate measurements are difficult. When living worms were 
being studied, attempts were made to measure them when relaxed. 
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One active two-day-old schistosomulum, when relaxed, measured 
.212 mm in length. Its shape changed constantly, the body 
contracting, then extending, and finally relaxing before con­
tracting once again. When contracted, it measured only .161 
mm; when fully extended, .276 mm. 
Not only total body length, but also lengths of specific 
internal organs and distances between points in the body, vary 
greatly. The head organ of the young worm described above 
varied in length from 24 to 76 micrometers. One active, seven-
day-old worm from the liver was measured when contracted and 
again when extended. The distance from its anterior end to the 
bifurcation of the gut varied from .228 mm to .530 mm. In 
another schistosomulum, six days post-exposure, the length of 
the paired ceca was .084 mm when the anterior end of the worm 
was relaxed and .120 mm when that part of the worm was extended. 
Measurements of living specimens averaged somewhat larger 
than did those of mounted specimens at every age where a 
comparison was made. At three days post-exposure, when the 
average length of mounted specimens was .212 mm, the average 
length of the living schistosomula was .263 mm. At six days, 
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stained specimens averaged only .940 mm. No comparisons were 
made later than nine days post-exposure, because living worms 
are very difficult to measure. 
100 
The head organ and acetabulum are two prominent cercarial 
features seen only in early schistosomular development. During 
the first and second days of development, the head organ is 
very conspicuous, but by the fourth day it is seen only as an 
indistinct ring at the anterior end of most specimens (Fig. 2). 
In some genera of avian schistosomes, the head organ is 
gradually replaced by the oral sucker; however, in G. huronensis 
at no time is even a remnant of the oral sucker present. 
The acetabulum, active in the locomotion of a cercaria, is 
clearly seen during the first three days of schistosomular 
development (Fig. 1). It is protrusible but apparently non­
functional in locomotion during this time. At one day post­
exposure, the acetabulum averaged 14.5 micrometers in diameter, 
but after two days its average diameter was only 10 micrometers. 
It was seen only indistinctly at four days and not at all after 
that time. 
Eyespots of a one-day-old schistosomulum are similar in 
appearance and position to those of a cercaria. As early as 
two days after exposure and thereafter, eyespots are often un­
even in position. One is usually situated anterior to the 
bifurcation of the gut; the second, in the region of the paired 
ceca but not posterior to the cecal reunion (Figs. 1-4). Some­
times one or both eyespots are broken, but both usually persist 
through the first month of life in the definitive host. 
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The digestive tract of a G. huronensis cercaria consists 
of a subterminal mouth and esophagus ending approximately half 
way between the anterior end of the body and the acetabulum. 
There is but a slight indication of bifurcation at its pos­
terior end. Schistosomula recovered from the skin and lungs 
of birds one day after infection failed to show any evidence 
of the digestive tract. In two-day-old schistosomula, a thin 
esophagus is apparent, with a distinct bifurcation posteriorly. 
There is considerable variation in the extent of development 
of ceca. Some are very short; others measure up to 40 microm­
eters, with an average length of approximately 26 micrometers. 
Development of the right and left ceca is usually approximately 
equal (Fig. 1). 
At three days, individual ceca extend posteriorly beyond 
the level of the acetabulum. Cecal reunion was not observed 
in worms of this age. The posterior extension was due not only 
to increase in cecal length, but also to lengthening of the 
esophagus. Worms from the lungs, liver, and kidneys all showed 
similar development of the digestive ceca. Contents of the gut 
are usually brownish at this age. 
Cecal reunion had occurred in all of the schistosomula 
recovered at the end of four days of infection (Fig. 2). The 
esophagus was still quite narrow and inconspicuous. The single 
intestine posterior to the reunion was broad, sinuous, and 
extended almost to the posterior end of the worm. The black-
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colored gut contents, typical of older schistosomes, were 
present in at least some of the specimens from the liver at 
this age. The lengths of the paired ceca varied from 48-72 
micrometers. 
By the fifth day after infection, the esophagus had 
widened somewhat, and in some specimens, a bulb-like enlarge­
ment sometimes appeared at its posterior end. 
By the seventh or eighth day after exposure, and perhaps 
as early as the fifth day, sexes can be differentiated on the 
basis of the length of the paired ceca. For example, at eight 
days the length of the ceca averaged .240 mm in the female and 
only .114 mm in the male. As worms age, this difference is 
emphasized with cecal reunion in males occurring posterior to 
the seminal receptacle. In 20-day-old worms, paired ceca 
extend more than 1 mm in a female, but average only .137 mm in 
males. 
Although El-Gindy (1951) could differentiate sexes of S. 
douthitti as early as two days after infection on the basis of 
shape of the genital primordium, accurate sex differentiation 
in G. huronensis during this study was not possible until the 
seventh day. In male G= huronensis schistosomula,- seven days 
after infection, the seminal receptacle, as well as the rela­
tively short paired ceca, may be seen. The seminal vesicle 
appears as a somewhat coiled tubular organ immediately pos­
terior to the reunion of the ceca and is best seen in living 
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specimens (Fig. 4). By the eighth day, the genital opening in 
the male can also be detected, but the gynaecophoric canal is 
not observable until the twelfth day after infection. 
Fourteen-day-old worms from both lungs and the intestinal 
veins show testes posterior to the gynaecophoric canal, and 
in some worms at this age spermatozoa are contained within 
the seminal vesicle. Over 350 testes were present in one 14-
day -old worm, although differentiation in the posterior body 
region had not yet been completed. A typical number of 
transverse ridges (16-20) can be seen in the gynaecophoric 
canal as early as the seventeenth day post-exposure (Fig. 24). 
Female reproductive organs were first observed during the 
eighth day of development. At that time, the tubular uterus 
could be seen paralleling the digestive tract and opening 
ventrally just posterior to the mouth. The ovary was seen for 
the first time in 12-day-old worms. Laurer's canal, opening 
on a protruding papilla, was seen on the fourteenth day after 
infection. 
Sexual maturity in male G. huronensis is reached 14 days 
after infection, as indicated by the presence of sperm within 
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well as those from the intestinal veins. Females from both 
lungs and intestinal veins 14-17 days post-exposure have well-
developed reproductive organs and thus appear to be sexually 
mature, although sexual maturity in female schistosomes is 
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usually indicated by the presence of sperm within the seminal 
receptacle. Presence of sperm within a seminal receptacle was 
first observed in a 25-day-old female from the intestinal 
veins ; in no females from the lungs could sperm in the seminal 
receptacle be detected. Thus, it is not likely that worms 
copulate while within the pulmonary region. Eggs were 
first seen in the uterus of a 25-day-old female obtained from 
the intestinal veins. 
Prepatent period 
After sexual maturity is reached in female G. huronensis, 
eggs are released within the capillaries of the lamina propria 
layer of the intestinal wall near the bases of the villi. It 
probably takes several days for these eggs to work their way 
through the tissue into the intestinal lumen to be passed with 
the host's feces. This signals the end of the prepatent period 
of the infection and constitutes the first indication that 
gravid worms are present within a living host. 
In most of the present work, feces of exposed birds were 
checked daily beginning with the 25th day post-exposure and 
continuing until eggs or miracidia were observed. Table 17 
indicates results of observations on 14 different hosts of 
varying age and representing five different species. In these 
hosts, the prepatent period varied from 25 to 31 days (average 
28.3 days). Prepatent periods do not differ significantly 
among host species or among birds at various ages of exposure. 
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Table 17. Prepatent periods for G. huronensis infections 
within various hosts 






1. Chicken 3 days 500 30 days 
2. Chicken 5 days 600 30 days 
3. Chicken 8 days 170 27 days 
4. Chicken 9 days 345 26 days 
5. Chicken 16 days 180 25 days 
6. Chicken 19 days 185 26 days 
7. Chicken 30 days 500 29 days 
8. Blue Jay 28 days 100+ 28 days 
9. Yellow-headed 
Blackbird 28 days 100+ 30 days 
IC. Yellow-headed 
Blackbird 37 days 100+ 30 days 
11. Yellow-headed 
Blackbird 225 days 500+ 29 days 
12. Grackie 230 days 500+ 31 days 
13. Grackle adu It 1000 27 days 
14. House Sparrow 520 days 500 28 days 
Variations in numbers of cercariae used in exposures of hosts 
also did not seem to affect the time required for patency to 
be reached. 
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Although the prepatent period of G. huronensis is somewhat 
shorter than that of schistosomes inhabiting man, it is almost 
identical to that reported for Schistosomatium douthitti by 
Price (1931). On the other hand, the avian schistosome 
Trichobilharzia ocellata has a prepatent period of only 13-14 
days in black ducks (Rau, Bourns, and Ellis, 1975). 
Histopathology 
There is little published information dealing with the 
histopathology of natural or experimental avian schistosome 
infections in avian hosts. On the other hand, many data are 
available on histopathology of mammalian schistosome infections 
in man and experimental animals. Although this literature is 
much too extensive to review here, it has been summarized 
adequately by Warren (1973). 
During the present study, damage to host tissues and host 
responses to the presence of various stages of G. huronensis 
were observed. Response to the presence of eggs in the liver 
was most thoroughly studied. Unless otherwise stated, young 
chickens were used as experimental hosts. 
Effect of schistosomula and adults on host 
Cercarial penetration and movement of schistosomula within 
the skin were traced by examining tissue sections which had 
been fixed at frequent time intervals varying from ten minutes 
to four days post-exposure. Tissue damage worm-induced 
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host responses were also observed in these sections. 
Separation of the stratum corneuiti from the stratum germina-
tivum in areas of cercarial penetration and lateral movement by 
schistosomula was observed in tissues fixed 10 minutes to 24 
hours after exposure. Later (three hours to two days post­
exposure) , tunnel-like lesions were seen in the dermis. 
Limited amounts of cellular debris were noted in these lesions. 
Similar trails of damaged cells were seen posterior to worms 
penetrating the thick stratified squamous epithelia of the 
buccal cavity,- pharynx, and esophagus. 
In unsensitized chickens, little cellular response to the 
presence of schistosomula was noted during the first 12 hours. 
By 24 hours after exposure, however, there were obvious accumu­
lations of inflammatory cells around the schistosomula. Leuco­
cytes were found principally around the tunnels left behind by 
migrating worms, and only a few leucocytes were present around 
the worms themselves. At two days post-exposure, areas of 
inflammation around schistosomula had increased noticeably in 
size (Fig. 14). Most schistosomula had moved from the skin by 
three days after exposure, but large dense areas of leucocytes 
remained for several days. Schistosomula surrounded by leuco­
cytes appeared to be living and normal. 
In challenge infections, approximately 100 days after 
initial exposures to cercariae, cellular responses were similar 
to those produced in initial infections, but occurred much 
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earlier. Most schistosomula in the dermis and hypodermis were 
surrounded by leucocytes as early as two or three hours post­
exposure (Figs. 1, 8). Kagen and Meranze (1955) working with 
Schistosomtium douthitti and Lin and Sadun (1959) in studies 
on Schistosoma j aponicum compared inflammatory reactions in the 
skin of experimental animals after initial and challenge infec­
tions. In all instances they found that cellular reactions 
occurred earlier and were more intense after challenge infec­
tions than after initial infections. 
G. huronensis schistosomula are found in the lungs of 
experimentally infected chickens as early as 24 hours after 
exposure. At that time, inflammatory cells are already present 
around these young worms (Fig. 15); however, areas of inflamma­
tion are most pronounced around worms in the pulmonary paren­
chyma four to eight days post-exposure (Figs. 16-19, 22). At 
two and three days post-exposure, the inflammatory cells are 
almost evenly divided between lymphocytes and granulocytes; 
lymphocytes predominate later. Although pulmonary blood 
vessels containing older worms (10-25 days post-exposure) were 
sometimes cuffed with leucocytes, often no response to these 
intravascular worms was observed (Fig. 23). 
Areas of hemorrhage are associated with many worms in the 
pulmonary parenchyma from three to 14 days after exposure. In 
young infections, these appear as tiny distinct red areas on 
the lung surface. After 10 days, hemorrhages appear darker in 
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color and more diffuse. These are similar to the hemorrhages 
described by Batten (1957) in lungs of mice infected with 
Schistosomatium douthitti. 
The most significant difference between host reactions 
observed in the present study and those seen by various workers 
in experimental mammalian schistosome infections is the 
presence of a pronounced inflammatory response in initial G. 
huronensis infections. Batten (1957) , Magalhàes (1959), and 
von Lichtenberg and Ritchie (1961), all working with mammalian 
schistosomes in experimental hosts, reported little or no 
inflammation in response to the first passage of schistosomula 
through the lungs. 
Host response to the presence of G. huronensis schisto­
somula in the liver is similar to that observed in the lungs. 
Leucocytes infiltrate the liver parenchyma around growing 
worms but apparently do not destroy them (Fig. 25). 
Adult G. huronensis are nearly always found in the veins 
of the posterior part of the small intestine. Included are 
veins of the mesenteries and serosa, those between the circular 
and longitudinal muscles, and those extending into the mucosa 
(Fig. 35). These worms usually elicit no host response in 
this area even though they sometimes seem to block the vessels 
completely. One transverse section of a large mesenteric vein, 
as observed in sectioned tissue, contained more than 50 cross 
sectional cuts through G. huronensis. Occasionally, 
110 
inflammatory lesions are observed on the walls of veins 
occupied by worms (Fig. 36). 
Effect of eggs on host 
During the present study, eggs of G. huronensis were 
regularly found in the intestinal mucosa of birds with patent 
infections. They were also present in the liver of many hosts 
with long-standing infections, and in one instance were found 
in the kidney of an experimentally infected grackle harboring 
at least one adult female in that organ. 
G. huronensis eggs are usually deposited in the tiny 
mucosal veins of the small intestine. They thus have but a 
short distance to travel before reaching the lumen. Eggs 
moving toward the tips of villi from which they escape are 
usually accompanied by small numbers of leucocytes (Fig. 38). 
As many as 23 eggs were observed in a single ten micrometer 
cross section of the intestine of a heavily infected chicken. 
In such infections, only minor damage to the intestinal 
epithelium was usually obvious. 
Occasionally, an egg becomes entrapped in the mucosa at 
the base of the villi (Fig. 37). Around such an egg, a 
granuloma, similar to those found surrounding eggs in the 
liver, is formed. Giant cells and a large area of lymphocytes 
surround the disintegrating egg. 
Eggs found in the kidney of one host were also surrounded 
by granulomas; however, this tissue was not sectioned and 
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granulomas are consequently not described. 
In addition to the inflammatory response observed in the 
liver during migration and growth of young worms, as described 
previously, a more pronounced subsequent involvement of the 
liver is seen in patent infections. As is typical of many 
schistosome species, G. huronensis eggs are sometimes carried 
from the small intestinal veins where they are deposited, 
through the hepatic portal vein to the liver, where they become 
lodged in smaller portal tributaries and sinusoids. There the 
eggs induce tissue responses, most frequently taking the form 
of granulomas, also termed tubercles or pseudotubercles. 
Although livers of hosts harboring patent, experimental 
infections were always examined for adult worms, microscopic 
examinations of liver tissue were not made routinely. In some 
hosts with heavy bisexual infections, however, light-colored 
macroscopic lesions were seen on the surface of the liver and 
randomly distributed throughout its tissue. When lesions were 
present, fresh tissue was microscopically examined and was 
often fixed for sectioning. Experimentally infected hosts 
exhibiting such lesions included four chickens, one canary, one 
parakeet, two grackles, and two yellow-headed blackbirds (Table 
18) . 
Fresh liver examined by preparing tissue squashes showed 
that most lesions contained eggs or their remnants. Stained 
sections of liver tissue revealed these lesions to be 
















1. Canary 79 + + + 0 
2. Parakeet 304 + n.d.^ n.d. 0 
3. Chicken 89 + + + + 
4. Chicken 128 + + + 0 
5. Chicken 287 + + + + 
6. Chicken 365 + 0 n.d. 0 
7. Blackbird 185 + + 4" + 
8. Blackbird 365 + 0 + 0 
9. Crackle 153 + 0 + + 
10. Crackle 193 + n.d. n.d. + 
^Based on microscopic excunination of 10 or more granulomas from fresh liver, 
^n.d. = not determined. 
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granulomas. Many of the eggs removed from such lesions were 
dark-colored and contained dead miracidia. Living miracidia, 
however, were observed within eggs from lesions dissected from 
livers of hosts nos. 1, 3, 4, 5, and 7. In some instances, 
when no active miracidia were observed within granulomas, 
miracidia were nonetheless occasionally recovered when 
macerated liver tissue was placed in fresh water. In addition 
to those eggs found in granulomas, some were observed in tissue, 
but with little or no apparent tissue responses around them. 
At least some of these eggs appeared to contain living miracidia. 
Miracidia were recovered from homogenized livers of hosts 
no. 3 and no. 4 with the use of a modification of the technique 
proposed by Kagen, Short and Nez (1954) . Although this pro­
cedure is effective in collecting large numbers of Schistoso-
matium douthitti and Schistosoma mansoni miracidia, it yields 
relatively few miracidia of G. huronensis, despite heavy adult 
infections. In experimental work with G. huronensis for which 
large numbers of miracidia are required, recovery of these 
larvae from eggs in the feces of living hosts seems to be more 
efficient. 
Well-formed granulomas containing single eggs from the 
fresh liver of chicken host no. 3 averaged .268 mm in diameter. 
Those from grackle host no. 9 averaged .260 mm in diameter. 
Averages were based on 10 measurements. A granuloma from host 
no. 9 containing two eggs was .420 mm in diameter. 
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Serially sectioned liver from five experimentally infected 
hosts was examined for occurrence of eggs and associated tissue 
responses produced by their presence. Hosts included two 
chickens, two grackles, and one yellow-headed blackbird (Tables 
18 and 19). All hosts had been exposed to large numbers of 
cercariae (over 500) and were heavily infected with adult worms 
at the time of necropsy. Ages of infection varied from 89 to 
287 days. 
Microscopic examination of this sectioned liver tissue 
shows that most of the lesions are epithelioid granulomas in 
various stages of development and involution. In the absence 
of tissue from hosts necropsied at regular intervals after 
infection, it is difficult to determine precisely the sequence 
of development and involution of observed granulomas. With 
the limited material available, it is difficult to determine 
which granulomas were formed in response to recently deposited 
eggs and which were formed in response to those depos:ted 
early in the infection. Additionally, there is insufficient 
material at hand to permit conclusions as to host-induced 
variations in granulomas and other tissue responses. 
In this study, well-defined stages of egg maturation 
tissue response, and granuloma formation were observed and 
recorded for these five hosts (Table 19). The classification 
of stages of egg development, adapted from that used by Gonnert 
(1955) and by von Lichtenberg, Erickson, and Sadun (1973) is as 
Table 19. Liver tissue responfîos to the presence of huronensis eggs as observed 
in stained sections from five hosts. Superscripts representing egg 
developmental stages; are listed in order of decreasing incidence 
Total numbers 
of responses 




In large vein 3.4% 
Mixed response 13.8% 
a 
b 
Chick no. 5/ 
287 day 
infection 
Types of responses 
Minimal reaction 
or none 






7, 185 day 
infection 
Crackle no, 
9, 153 day 
infection 
Crackle no. 





2 . 6 % '  
0 
0 

















a Cell ball stage of egg. 
^Mature or maturing miracidium stage. 
'Degenerate egg stage. 









'Egg remnant stage. 
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follows ; 
a. Cell ball stage. An undifferentiated basophilic mass 
appears within shell. 
b. Mature or maturing stage. Miracidiuni has distinct 
nerve corona and eosinophilic apical glands present. 
c. Degenerate stage. Dead miracidium with deteriorating 
tissue present. 
d. Mineralized egg stage. Egg contents wholly or 
partially mineralized or calcified. 
e. Egg remnant stage. Usually only collapsed egg shell 
remains. 
Stages above show a natural sequence of development and 
deterioration, except that some dead miracidia become 
mineralized while others are completely destroyed without 
mineralization. The conditions producing mineralization in 
some eggs but not others within a single host at the same time 
are not known. 
Liver tissue responses to the presence of eggs were 
classified as follows: (1) No reaction or minimal reaction. 
(2) Mixed inflammatory reaction. (3) Granulomatous inflamma­
tory response. Granulomas were designated as small, medium, 
or large. 
G. huronensis eggs reaching the liver are in the cell ball 
stage. They are sometimes observed in the large portal veins 
but most often occur in the small portal veins or sinusoids 
where they become lodged. They are characterized by either a 
lack of, or minimal, leucocytic infiltration. The mixed 
inflammatory reaction follows with an accumulation of 
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leucocytes surrounding an egg in the cell ball or maturing 
miracidium stage (Fig. 28). The inflammatory locus contains 
principally lymphocytes; but some macrophages, plasma cells, 
and granulocytes (heterophils or eosinophils or both) may also 
be present. In birds, eosinophils and heterophils stain 
similarly, and no attempt was made to differentiate between 
them. During the mixed inflammatory response, no epithelioid 
cells or giant cells are present. Should the egg become lodged 
in a sinusoid, endothelial cells are usually no longer visible. 
If the egg lodges in a venule, part of the venular wall may be 
retained. In a few cases, a large vein contained an egg focus 
implanted on its intima with an accumulation of leucocytes 
partially blocking the lumen of the vein (Fig. 29). 
The granuloma stage follows. According to Epstein (1967), 
granulomatous inflammation is a response to tissue injury by a 
poorly soluble substance, involving accumulation of reticulo­
endothelial cells; namely, mononuclear phagocytic cells, 
macrophages, giant cells, and epithelioid cells. The granuloma 
may arise as a foreign body response involving a simple phago­
cytic process, or as a hypersensitivity reaction eliciting more 
subtle responses of the reticulo-endothelial system (Epstein, 
1967). Schistosome eggs probably produce both types of 
responses. Warren, Domingo, and Cowan (1967) and others have 
indicated that granuloma formation around schistosome eggs 
results from delayed hypersensitivity. By definition. 
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epithelioid cell granulomas should involve epithelioid cells 
and giant cells organized into tubercles (Epstein, 1967). 
Tubercle formation does occur in G. hurcnensis infections. 
In the present study, granulomas are classified as small, 
medium, or large; however, increase in size is not necessarily 
correlated with increase in age. 
Granulomas encountered most frequently in this study were 
those of medium size (Fig. 31). They usually contained eggs 
enclosing mature or degenerating miracidia; however, every host 
showed evidence of medium granulomas with only egg remnants 
remaining. 
Immediately surrounding the egg shell within a medium-
sized granuloma are giant cells (Fig. 31). The number of 
nuclei per cell varies from few to as many as 35 (as in a 
granuloma from host no. 7). Cell boundaries of giant cells are 
often difficult to discern. Giant cells are often found in a 
palisade arrangement forming a closed ring around the egg. As 
many as 12 giant cells were observed in a single section 
through the center of a granuloma. In other instances, spaces 
between giant cells were filled with epithelioid cells or 
eosinophilic granulocytes. Deterioration of these granulocytes 
was often observed. 
Surrounding the layer of giant cells and often mixed with 
them is a region of epithelial cells. This layer varies from 
thick to nearly absent. Externally, the epithelial cell layer 
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merges with a layer of fibroblasts and fibers which often form 
the most distinct layer of the tubercle. External to this is 
an irregular accumulation of leucocytes, principally lympho­
cytes, but including some macrophages, plasma cells, and 
granulocytes. 
Although a typical granuloma appears as described above, 
certain variations may occur. The number of each type of cell 
varies, and there may appear to be a complete absence of one 
of the above described regions. The diameter of medium-sized 
granulomas measured in stained sections is usually between 
.12 mm and .28 mm. 
Granulomas classified as small (usually less than .12 mm 
in diameter) most often contained only egg shell remnants. 
Some, however, were found with earlier stages (mature and 
degenerating eggs). The egg remnant here was typically sur­
rounded by a few giant cells, few or no epithelioid cells, few 
fibroblasts, and a peripheral layer of lymphocytes. Because 
small granulomas usually contain only egg shell remnants, they 
probably represent involuting granulomas. 
Those granulomas designated as large usually were .3 mm 
or more in diameter and were seen only in host no. 5 (chicken 
with 287-day infection). Larger granulomas are not always 
associated with long-term infections, however. Hsu, Davis, and 
Hsu (1969) observed a decrease in the size of S. japonicum egg 
lesions in older infections. Likewise, Domingo and Warren 
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(1968) showed that after an initial sensitization period, 
desensitization occurs with a tendency toward the appearance 
of smaller granulomas in S. mansoni. 
The large granulomas observed in this study usually in­
volved a peripheral layer of leucocytes reduced in thickness 
from that seen in earlier granulomas (Figs. 32, 33). A 
distinct capsule of fibroblasts and fibers encloses a reduced 
region of epithelioid cells. Giant cells, which may be 
arranged in a palisade manner, are numerous (as many as 35 in 
one section cut through the middle of a granuloma), but have 
veiry indistinct borders and often appear to be in a state of 
degeneration. The centers of the largest of these fibrous 
granulomas are filled with an acidophilic-staining amorphous 
material suggesting central necrosis (Fig. 32) . Reninants of 
the egg shell may be present, but in many these were lacking 
entirely, indicating their complete destruction. In other 
fibrous granulomas, the fibrous rim is thicker, the diameter 
of the granuloma is somewhat smaller, epithelioid and giant 
cells are less distinct, and a large central space is lacking. 
Such granulomas are interpreted as being the oldest of those 
observed. 
In all hosts, but particularly in host no. 3 (chicken 89 
days post-exposure), the portal veins were cuffed by cellular 
infiltrations principally by lymphocytes. In hosts no. 3, and 
no. 5, ectopic lymphoid areas appeared, although not directly 
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associated with schistosome eggs but always adjacent to the 
walls of small veins. These lymphoid areas were usually 
spherical, lacked a connective tissue capsule, but contained a 
lighter-staining central mass of cells resembling the germinal 
center of a lymph nodule. 
Most observed granulomas surrounded single eggs; but 
occasionally, two, three, or four eggs were found within a 
single lesion. In some instances, it appeared that two eggs 
had reached the liver at approximately the same time, for a 
single response was associated with both (Fig. 34). In other 
instances, although both eggs were within a single lesion, the 
responses around the individual eggs appeared to be different 
ages. These are best called fused granulomas. 
Infected liver tissue of each of the five hosts had its 
own peculiar characteristics. Livers of hosts no. 3 and no. 
10, for example, contained medium-sized granulomas with many 
heterophils present. These were not seen frequently in other 
hosts. Mineralization (calcification) had occurred in 12.8 
percent of the 78 eggs found in the liver of host no. 7, but 
had not occurred in other hosts (Fig. 30). Host no. 5 contained 
the only large-sized granulomas. Those large granulomas and 
others of medium size contained layers of fibroblasts and fibers 
thicker than those in granulomas from other hosts. 
Although there is insufficient material at hand to draw 
conclusions relative to host-induced variations in granulomas. 
122 
an extension of this study would probably show that such varia­
tions do indeed occur. Comparative studies on lesions 
associated with the eggs of one or more species of Schistosoma 
in various experimental hosts have shown significant host-
induced differences of this type, particularly with reference 
to granuloma size and structure (Hsu, H. F. et al., 1969; Hsu, 
S. Y. et al., 1972; Hsu, S. Y. et al., 1973; von Lichtenberg 
et al., 1973). 
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TAXONOMY AND IDENTIFICATION 
Several problems still exist in the area of taxonomy of 
gigantobilharzial schistosomes. This is caused, in part, by 
our incomplete knowledge of individual species. Descriptions 
of certain species are based on data derived from only a few, 
often incomplete, adult specimens (e.g., G. plectropteri, G. 
tantali, G. elongata, and G. monocotylea). Other species have 
been described only on the basis of male specimens (e.g., G. 
egreta, G. ardeolae, G. adami, and G. nettapi). Some original 
descriptions are of limited value because certain features now 
recognized as being useful in classification were not included. 
Intermediate hosts and complete life cycles are known for less 
than half of the species presently assigned to this genus. 
In recent years. Fain (1960), Donges (1964), Farley (1971), 
and Khalifa (1974) have each attempted to construct a workable 
key to the known species of the genus Gigantobilriarzia. The 
first three of these used total body length and measurements 
of certain body parts, especially the gynaecophoric canal, as 
primary features for species differentiation. Khalifa (1974) 
found wide variations in measurements of certain body parts 
of adult G. mazuriana. He found that such variations are due 
to the extent of contraction and relaxation of worms at the 
time of fixation, and concluded that sizes of body parts are 
not suitable features for separation of species. G. huronensis 
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whole mounts measured during the present study showed similar 
wide variations in measurements of organs and body regions, 
which were apparently due to variable contraction of the speci­
mens . 
Because of such variations in size. Khalifa (1974) chose 
less variable characters as distinguishing criteria for his 
key. These include the following adult morphological features: 
site of intestinal union in relationship to the seminal vesicle 
or seminal receptacle; number of thickened transverse ridges 
in the gynaecophoric canal; location of the mouth and genital 
pore in females; and total number of testes prer^nt. Besides 
these features, definitive and intermediate host information, 
as well as cercarial flame cell formulas, were included when 
known. 
The number of transverse ridges in the gynaecophoric 
canal seems to be one of the most constant features for species 
differentiation. The taxonomic importance of this character­
istic was first recognized by Fain (1960). Unfortunately, 
some species descriptions have not included such data. 
Najim's (1956) description of G. huronensis, for example, did 
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occur in this species and are clearly visible on the type 
specimen (U.S. Nat. Mus. Helm Coll. #37334). Because ridges 
were not mentioned in the original description, G. huronensis 
has been misplaced by subsequent investigators in all recent 
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keys to the species. This situation points out the need for 
actual examination of type specimens when a key is being 
constructed rather than reliance upon information in published 
descriptions. 
Based on the examination of whole mounts of 30 adult male 
G. huronensis, the number of transverse ridges in this species 
ranges from 14 to 21, with 18 being the most common number 
observed. No correlation between age of worms and numbers of 
bands present is evident. The variation in number of ridges 
in G. huronensis is slightly greater than that observed by 
Khalifa (1974) in G. mazuriana, where 55-60 ridges were seen 
in 20 males examined. 
Khalifa (1974) found the site of intestinal union to be 
constant in G. mazuriana and used this as the key character­
istic in species separation. Cecal union is extremely diffi­
cult to see in G. huronensis whole mounts; however, it seems 
to occur as Najim (1956) described, near the anterior end of 
the external seminal vesicle. A significant difference in 
locations of the intestinal union in two specimens of G. adami 
was seen by Fain (1960). In one specimen, cecal unicn 
occurred anterior to the seminal vesicle; in the second speci­
men, it was located more posteriorly, at the beginning of the 
gynaecophoric canal. 
The total number of testes present in species of the 
genus Gigantobilharzia is obviously variable. Farley (1963) 
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reported 345-545 in G. lawayi, and Takaoka (1961) found 43-62 
in G. stxirniae. In six complete male specimens of G. 
huronensis recovered during the present study, the number of 
testes varied from 257 to 450 (average 360). This, then, 
appears to provide a useful characteristic for comparison of 
species, provided that a sufficient number of entire specimens 
have been examined so that the range has been determined. 
Although definitive host information is of some value in 
species identification within this genus, it should be noted 
that a low degree of host specificity is probably typical. 
This is shown by G. huronensis, where seven species of passeri-
forms are known natural definitive hosts, and birds from three 
additional orders serve as experimental hosts. It has also 
been shown that a single bird species may serve as host for 
several species of Gigantobilharzia. Natural infections of 
G. acotylea, G. monocotylea, and G. mazuriana, for example, 
have been found in a single host species, the blackheaded gull 
(Nicoll, 1914; Szidat, 1930a; Khalifa, 1974). 
Three described species of gigantobilharzial schistosomes 
possess an oral sucker; Gigantobilharzia gyrauli with a well-
developed oral sucker (Srackstt, 1942) , and G. monocotylea and 
G. tantali with weakly developed oral suckers (Szidat, 1930a; 
Fain, 1955a). Khalifa (1974) removed these three species from 
the genus Gigantobilharzia and established for them a new 
genus Gigantobilharziella within the subfamily Bilharziellinae. 
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The separation of these three species from the genus 
Gigantobilharzia appears entirely unnecessary. Fain (1960) 
agreed that the presence of an oral sucker in these species is 
not a sufficient characteristic for their exclusion from the 
genus Gigantobilharzia. Except for the presence of the oral 
sucker, these species are very similar to typical members of 
the genus. 
Khalifa (1974) further suggested that the two genera 
could also be separated on the basis of the location of the 
female genital pore, and indicated that species of the genus 
Gigantobilharziella have the genital pore located posterior 
to the oral sucker, whereas it is either "terminal or a little 
away from the mouth opening" in Gigantobilharzia. It is true 
that he described G. mazuriana with a terminal genital pore, 
but in all other species of Gigantobilharzia where the female 
is known, the genital pore has been described as occurring 
immediately posterior to the mouth. 
According to Khalifa (1974), cercariae of the two genera 
are also recognizably different. He notes that the base of 
the cercarial tail surrounds the posterior end of the body in 
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(1940b) figure of G. gyrauli indicates this is true of that 
one species. However, cercariae are not known for the other 
two species of the proposed new genus. 
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Khalifa (1974) also indicated that the fin folds cover 
the whole length of the furcae in species of Gigantobil-
harziella, but cover only the distal two-thirds of the furcae 
in species of Gigantobilharzia. Although this holds for G. 
mazuriana, it is not true of most species of this genus. 
Consequently, this too, appears to be an invalid distinguish­
ing characteristic. 
Measurements of G. huronensis cercariae made during the 
present study are consistently smaller than those reported by 
Najim (1956). This is true of total body length, length of 
specific body regions, tail stem length, and length of furcae 
(Table 20). Although some specimens fell within the size 
range given by Najim (1956), they average 15-20 per cent 
shorter. Because other cercarial characteristics (general 
body proportions, flame cell pattern, behavior, and snail 
host) are identical to those described by Najim (1956), and 
because adult worms are clearly identifiable as G. huronensis, 
differences in cercarial size are not considered to be of 
great importance. Such size differences may simply result 
from varying fixation techniques, or they could represent 
geographical intraspecific size variation. A comparison of 
cercariae emerging from naturally infected Michigan snails 
with cercariae from snails of northwest Iowa would be neces­
sary to determine if the latter is true. 
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Table 20. Average dimensions (in mm) of G. huronensis 
cercariae compared with those of G. gyrauli and 
S. douthitti 
G. huronensis G. gyrauli S. douthitti 
Najim, Present Brackett, Price, 
1956 work 1940b 1931 
Body 
length .240 .206 .215 .204 
Tail stem 
length .268 .217 .298 .210 
Furca 
length .146 .100 .135 .096 
Apparently, larval development of G. huronensis is 
limited to physid snails. Five species of this family are 
known to serve as natural or experimental hosts (Table 2). 
Wall (1968, 1976) listed Lymnaea palustris (Mill 1er) as a host 
of G. huronensis, but did not give a source for this record. 
Experimental exposures of Lymnaea stagnalis and L. reflexa 
during the present study, as well as exposures of L. stagnalis 
by Sauer et al. (1975), failed to produce G. huronensis 
infections. It is likely, therefore, that the single report 
of G. huronensis in a lymnaeid snail is inaccurate. 
Cercariae of G. huronensis are very similar in general 
appearance to those of G. gyrauli and Schistosomatium 
douthitti. Similarities in size are shown in Table 20. They 
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are also similar in behavior, and all three species adhere to 
the surface film of the water. Although differentiation among 
these cercariae is possible through flame cell counts (five 
pairs in G. huronensis, six pairs in S. douthitti, and seven 
pairs in G. gyrauli), it is quite probable that similarities 
in size and behavior have led to some misidentifications. 
Snails of the family Lymnaeidae are natural intermediate 
hosts of S. douthitti. There are, however, three records of 
£. douthitti in physid snails; Corf s (1918) report of this 
species in Physa ancillaria parkeri (Cuvier); Price's (1931) 
report in Physa gyrina eliptica Lea; and Farley's (1964) 
report in Aplexa hypnorum. 
Sudds (1960), after repeated unsuccessful attempts to 
infect Physa gyrina with S. douthitti, concluded that this 
snail is not a suitable host. He suggested that Price (1931) 
may have confused the cercariae of G. huronensis with those 
of S. douthitti. The infected P. gyrina examined by Price 
(1931) were collected from the Huron River at the same point 
that Najim (1956) later found many snails infected with G. 
huronensis. It is possible that Cort (1918) and Farley (1964) 
made similar misidentifications. Farley's repeated failure 
to infect mice with the cercariae thought to be £. douthitti 
further supports this conclusion. Malek (1977) also suspected 
that reports of £. douthitti in Physa were based on finding 
bird schistosomes rather than S. douthitti. 
131 
Both Brackett (1942) and Farley (1964) reported 
successful experimental infections of G. gyrauli in Physa sp. 
Natural infections were never found in Physa but had been 
reported by Brackett (1940b) in Gyraulus parvus (Say) and by 
Farley (1964) in G. parvus and Menetus exacuous (Say). One 
possible explanation for the unexpected development of larvae 
in Physa is that G. huronensis may have been confused with G. 
gyrauli. If birds providing viable eggs for exposures had 
been infected with G. huronensis rather than with G. gyrauli, 
infection of physids would have been expected. Without care­
ful examination of adult worms, these two species could easily 
be confused. Because of similarities noted above, cercariae 
emerging from the experimentally infected snails may also have 
been misidentified. 
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SUMMARY AND CONCLUSIONS 
Gigantobilharzia huronensis Najim, 1950 is a common avian 
schistosome in northwest Iowa, where its natural hosts 
are physid snails and passerine birds. Definitive and 
intermediate host records for this species and others of 
the genus were compiled. Various aspects of the biology 
of G. huronensis were studied in the field and laboratory. 
Natural infections of this species were found in Physa 
gyrina, Physa intégra, and Aplexa hypnorum. During one 
summer season, 1.2 per cent of Fhysa sp. collected from 
four areas of Dickinson Co. were infected with G. 
huronensis. The incidence of infection in A. hypnorum 
was 3.5 per cent, with the greatest number of infected 
snails collected early in the summer. 
Experimental infections of G. huronensis were established 
in P. gyrina• intégra• and A. hypnorum. Percentage of 
infection, based on total number of exposed snails, was 
38.4 in P. gyrina and 40.7 in P. Integra. Infections 
developed in snails of all sizes (2-8 mm in length), with 
slightly higher rates of infection in snails over 4 mm in 
length. 
Cercarial incubation times in P. gyrina and P. intégra 
averaged 23.5 and 25.6 days, respectively. Snail size at 
the time of exposure did not significantly affect incuba­
tion time. Water temperature appears to be the most 
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important factor in determining the length of time 
required for cercarial development. In one experiment, 
snails kept at 25® and 30°C began shedding cercariae 20-
23 days after exposure. Snails kept at 20®C shed at 34 
days post-exposure, and no larval development occurred in 
snails at 9®C. Unexplainable variations in incubation 
times, not attributable to temperature differences, 
occurred frequently. 
5. Under natural conditions, most cercariae emerge during 
early morning. In the laboratory, nearly all cercariae 
emerged during the first hour after snail hosts had been 
moved from total darkness into bright light. Initial 
emergence occurred within 5-6 minutes, and the most rapid 
rate of emergence was noted after 10-12 minutes in the 
light. Subsequent cercarial emergence was not initiated 
when snail hosts were placed into fresh water. 
6. Fewer cercariae emerge from laboratory infected snails 
than from naturally infected snails. The maximum number 
of cercariae shed by a laboratory infected snail was 300 
daily; snails collected from nature often shed over 600 
daily. A fairly consistent pattern of daily cercarial 
production is seen during the first three weeks of 
emergence in laboratory infected snails. Few cercariae 
are released the first day of emergence, and within 3-6 
days a peak in their number is reached. The number of 
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emerging cercariae then declines, but a second peak is 
observed during the third week. The occurrence of 
similar fluctuations in cercarial production is observ­
able in naturally infected snails. 
Physa sp. infected in the laboratory lived an average of 
only 20-25 days after the first day of cercarial emer­
gence at which time death of the snail usually occurred. 
However, in several cases, cercarial production had 
apparently ceased prior to death of the molluscan host. 
One hundred seventy-seven wild birds representing 32 
species were examined for schistosome infections. G. 
huronensis was found in 33 birds representing five 
species (Agelaius phoeniceus, Xanthocephalus xantho-
cephalus, Quiscalus quiscula, Dumetella carolinensis, 
and Troglodytes aedon). All are new host records. Most 
infected birds carried light infections (less than 15 
worms), and only adult worms were found in wild birds. 
Laboratory infections were established in chickens, 
parakeets, a pigeon, a canary, and five species of wild 
passerine birds. This wide variety indicates a low 
degree of host specificity. Exposures of a domestic 
duck and mourning dove did not produce infections. 
Results of exposures of young chicks indicate that 
infections in definitive hosts may be acquired in at 
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least three ways. Chicks standing iji infested water, 
chicks drinking infested water, and those to which snails 
containing fully developed cercariae had been fed all 
became infected. For laboratory exposures to known 
numbers of worms, a wire loop was used to transfer 
cercariae from the surface film of the water to the host. 
Success of penetration by cercariae through various 
epithelial surfaces was measured by comparing the number 
of cercariae used with the number of adults recovered 30 
days post-exposure. Recovery was 53 per cent following 
exposure of the bare skin of the upper leg, 45 per cent 
after exposure of the buccal cavity lining, and 10 per 
cent after exposure of the scaly skin of the lower leg. 
Migration of schistosoniula was studied through examina­
tion of fresh tissues and stained sections from experi­
mentally infected chicks. The stratum germinativum of 
the skin is penetrated more rapidly in young chicks than 
in older hosts. Twenty-four hours after exposure, most 
schistosomula are still present in the dermis and 
epidermis, but 48 hours after exposure, only a few remain 
in the skin. After two days, most schistosomula are 
located in the lungs where they grow for approximately 
12 days; a few schistosomula are also found in the liver 
and kidneys. By day 14, most worms have migrated to the 
intestinal veins. 
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12. Growth and development of schistosomula were traced 
through examination of live and preserved specimens of 
various ages. Growth is rapid, especially between the 
third and fourteenth day post-exposure. By the end of 
the fourth day, the cercarial acetabulum and head organ 
have disappeared, and the intestinal ceca have reunited. 
Reproductive organs are seen as early as the eighth day; 
however, sexual differentiation can be determined as 
early as the fifth day because paired ceca of the male 
are significantly shorter than those of the female. 
Sexual maturity of the male is attained by day 14, and 
patency of the infection occurs 25-31 days post-exposure. 
13. G. huronensis schistosomula produce some mechanical 
damage in the skin and elicit distinct inflammatory 
responses by 24 hours after initial exposure. In 
challenge infections, inflammatory responses are similar, 
but occur as early as 2-3 hours post-exposure. 
14. Schistosomula within the lungs and liver 2-12 days post­
exposure are usually surrounded by large areas of inflam­
mation, even after initial exposures. Hemorrhage in the 
lungs is also seen after heavy exposures. Little or nc 
host reaction is seen in response to the presence of 
adults in the intestinal veins; however, granulomas 
sometimes develop around eggs in the intestinal mucosa. 
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15. Eggs lodging in the livers of heavily infected hosts 
produce inflammatory responses usually developing in 
gramulomas containing many giant cells surrounding mature 
or degenerating eggs. 
16. Because of incomplete knowledge of many species of 
Gigantobilharzia/ certain taxonomic problems still exist. 
Variable contraction of specimens produces wide size 
variations; thus, measurements are of limited taxonomic 
value. The number of transverse ridges in the gynaeco-
phoric canal is a most useful taxonomic characteristic. 
These ridges, not previously reported in G. huronensis, 
number 14-21. The presence of an oral sucker in certain 
species of Gigantobilharzia is not a characteristic of 
sufficient validity for removal of these species from 
the genus. 
17. Schistosome cercariae show rather strict intermediate 
host specificity, with G. huronensis limited to physid 
snails. Similarities in size and behavior of G. 
huronensis cercariae and those of G. gyrauli and S_. 
douthitti have probably led to some inaccuracies in 
published records of definitive hosts. 
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Figs. 1-4. Developmental stages of G. huronensis 
schistosomula drawn from living specimens removed 
from the lungs of experimentally infected 
chickens. Note position of eye spots shown at 
all ages. All figures drawn to scale shown in 
Fig. 4 
Fig. 1. Two-day-old schistosomulum with 
conspicuous head organ, acetabulum (A), 
and lengthening intestinal ceca 
Fig. 2. Four-day-old schistosomulum with in­
distinct head organ. Ceca have reunited 
and a single intestine reaches nearly to 
the posterior end of the worm 
Fig. 3. Six-day-old schistosomulum 
Fig. 4. Anterior region of eight-day-old male 
schistosomulum showing seminal vesicle 
(SV) and position of genital opening 
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Plate II 
Figs. 5-10. G. hxironensis schistosomula in skin of experi-
mentally infected chickens 
Fig. 5. Longitudinal section through 
schistosomulum located between the 
stratum corneum and stratum germinativum 
of upper leg skin, 10 minutes post­
exposure x300 
Fig. 6. Cross section through eye spots of 
schistosomulum in dermis of upper leg 
skin, two and one-half hours post­
exposure x300 
Fig. 7. Cross section of schistosomulum in 
hypodermis of upper leg, three hours 
after challenge infection. Note 
leucocytes near worm x300 
Fig. 8. Longitudinal section of schistosomulum 
at dermal-epidermal juncture two hours 
after challenge infection. Many 
leucocytes are present x300 
Fig. 9. Cross section of schistosomulum at 
dermal-epidermal juncture of thick skin 
of lower leg, one and one-half hours 
post-exposure x200 
Fig. 10. Dead cercaria in outer layer of stratum 
corneum of lower leg, one and one-half 
hours post-exposure x200 
/.SI 
Plate III 
Figs. 11-13. G. huronensis schistosomula in walls of buccal 
cavity, pharynx, and esophagus of chickens, two 
hours after experimental exposure. All xl50 
Fig. 11. Cross section of a schistosomulum at 
the base of the stratified squamous 
epithelium of the buccal cavity 
Fig. 12. Cross section of a schistosomulum at 
the base of the stratified squamous 
epithelium of the pharynx 
Fig. 13. Longitudinal section through a 
schistosomulum penetrating into the 
lamina propria of the esophaghal wall 
Fig. 14. G. huronensis schistosomulum deep in the dermis of 
the upper leg of a chicken two days post-exposure. 
A large inflammatory reaction is present around the 
worm xl50 
Fig. 15. One-day-old G. huronensis schistosomulum near a 
parabronchus in the lung of a chicken. An inflam­




Figs. 16-21. G. huronensis in lung tissue of experimentally 
infected chickens 
Fig. 16. Three-day-old schistosomulum near the 
surface of the lung and surrounded by 
a moderate tissue reaction x300 
Fig. 17. Schistosomulum in the lung four days 
post-exposure, surrounded by a dense 
area of leucocytes x300 
Fig. 18. Section of lung showing six-day-old 
schistosomulum coiled several times 
and surrounded by a dense area of 
leucocytes x80 
Fig. 19. Eight-day-old worm in the lung sur-
infiltration xSO 
Fig. 20. Cross section of four-day-old 
schistosomulum within a parabronchus 
of the lung xl50 
Fig. 21. Lung tissue 17 days post-exposure with 
one worm present in the lumen of a 
J.ciJ.yc cix V - JUA* 




Figs. 22-24. G. huronensis in lungs of experimentally 
rnfected chickens. All x300 
Fig. 22. Fourteen-day-old worm in lung tissue 
surrounded by a moderate inflammatory 
reaction 
Fig. 23. Cross section through a small 
pulmonary vessel containing two 
sections through a 17-day-old worm 
Fig. 24. Longitudinal section through a 
pulmonary artery containing a 20-day-
old male and showing transverse ridges 
(arrows) in the gynaecophoric canal 
Fig. 25. Nine-day-old G. huronensis in liver tissue of experi­
mentally infected chickens. Note the dense inflam­
matory reaction xl50 
Figs. 26-27. Living schistosomula removed from the lungs of 
experimentally infected chickens. Posterior 
ends are blunt xl50 
Fig. 26. Seven-day-old schistosomulum 
Fig. 27. Nine-day-old schistosomulum 
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Plate VI 
Figs. 28-33. Reactions to the presence of G. huronensis eggs 
in livers of experimentally infected birds 
Fig. 28. Egg in a liver sinusoid of a yellow-
headed blackbird 185 days post­
exposure. The egg is in the cell 
ball stage and is associated with a 
small mixed inflammatory response 
x200 
Fig. 29. An egg implanted on the wall of a 
medium sized vein in the liver of a 
chicken 89 days post-exposure. The 
accumulation of leucocytes almost 
completely blocks the vessel x200 
Fig. 30. A mineralized egg within a medium 
sized granuloma in the liver of a 
yellow-headed blackbird, 185 days 
post-exposure x200 
Fig. 31. A degenerating egg within a medium 
granuloma in the liver of a chicken 
287 days post-exposure. Around the 
egg is a ring of giant cells, a few 
fibroblasts, and an irregular layer of 
leucocytes x300 
Fig. 32. A large granuloma in the liver of a 
chicken, 287 days post-exposure. The 
central amorphous mass is surrounded 
by giant cells and epithelioid cells, 
a distinct layer of fibroblasts, and a 
thin, irregular layer of leucocytes 
x300 
Fig. 33. A large granuloma in the liver of a 
chicken, 287 days post-exposure. 
Numerous nuclei are seen within the 
giant cells x300 
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Plate VII 
Fig. 34. A mixed inflammatory response surrounding two G. 
huronensis eggs in the liver of a chicken, 89 days 
post-exposure x200 
Fig. 35. Cross section of the intestine of a chicken, 25 days 
post-exposure showing adult G. huronensis in veins 
between the longitudinal and circular muscle layers 
and also extending into the mucosa x75 
Fig. 36. Adult G. huronensis in veins of the muscularis of 
the intestinal wall of a chicken, 89 days post­
exposure. The wall of one vein contains an inflam­
matory lesion (arrow) xl50 
Fig. 37. A granuloma around an egg in the intestinal mucosa 
of a chicken 45 days after exposure xl60 
Fig= 38= Mature G, huronensis eggs in an intestinal villus of 
a chicken 45 days post-exposure x30ù 
Fig. 39. Living G. huronensis miracidium emerging from the 
oval egg shell x300 
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